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PREFACE. 



T I ^HIS book is intended for those who are beginning the subject. 
For this reason, special care has been taken to select for 
treatment such compounds as best serve to make clear the 
fundamen tal principle s. Gr eneral j^g^^g-tions as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size; and, on the other hand, the number of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dogmatism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon.. Whenever a new formula is presented, 
the reasons for using it are given so that it may afterward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applica- 
tions to the arts, medicine, etc. It is difficult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually put before them under the heads of "Applied Organic 
Chemistry" and "Medical Chemistry." 

Without some direct contact with the compoimds considered, 
it is difficult to get a clear idea regarding them and their 
changes. A course of properly selected experiments, illustrating 
the methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
formations, wonderfully facilitates the study. The attempt has 
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been made to give directions for such a course. More than 
eighty experiments which could be performed in any chemical 
laboratory are described; and it is hoped that the plan may 
meet with approval. The time required to perform a fail* pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's knowledge, of chemical phe- 
nomena, will, it is firmly believed, furnish a full compensation 
for the time spent. 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the method used are given in 
the body of the book. 
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In studying the compounds of carbon, we cannot fail to 
be struck by their large number, and hy the ease with which 
the}' undergo change when subjected to various influences. 
Mainly on account of the large number, though partly on 
account of peculiarities in their chemical conduct, it is custom- 
ary to consider these compounds by themselves. At first, 
General Chemistry was divided into Inorganic and Organic 
Chemistry^ as it was believed that there were fundamental 
differences between the compounds included under the two 
heads. Those compounds which form the mineral portion of 
the earth were treated under the first head, while those which 
were found ready formed in the organs of plants or animals 
were the subject of organic chemistry. It was believed that, 
as the organic compounds are elaborated under the influence of 
the life process, there must be something about them which 
distinguishes them from the inorganic compounds in whose for- 
mation the life process has no part. Gradually, however, this 
idea hao been abandoned; for, one by one, the compounds 
which are found in plants and animals have been made in the 
chemical laboratory, and without the aid of the life process. 
The first instance of the preparation of an organic compound 
by an artificial method was that of urea. This substance 
was obtained by W ohle r^jn .1828 from ammonium cyanate. 
When a water solution of the latter is allowed to evaporate, urea 
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2 INTRODUCTION. 

is deposited. Up to the time of Wohler's discovery, the 
formation of urea, like that of other organic compounds, was 
thought to be intimately and necessarily connected with life ; 
but it was thus shown that it could be formed without the inter- 
vention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potassium carbonate ; and, as potassium cyanate 
can be made from the cyanide by oxidation, it foUows that 
urea can be made from the elements. FinaUj^, in 1 8.5fi. Berth e- 
iQt succeeded in making potassium formate by passing carbon 
monoxide over heated potassium hydroxide ; and in making 
acetylene, a compound, the composition of which is represented 
by the formula C2H2, by passing electric sparks between elec- 
trodes of carbon in an atmosphere of hydrogen. Since that 
time, every year has witnessed the artificial preparation, b}^ 
purely chemical means, of compounds of carbon which are found 
in the organs of plants and animals. 

It hence appears that the formation of the compounds of 
carbon is not dependent upon the life process ; that they are 
simply chemical compounds governed by the same laws that 
govern other chemical compounds ; and the name. Organic 
Chemistry^ signifying, as it does, that the compounds included 
under it are necessarily related to organisms, is misleading. 
Organic chemistry is nothing but the Chemistry of the Com- 
pounds of Carbon. It is not a science independent of inorganic 
chemistry, but is just as much a part of chemistr3'as the chem- 
istry of the compounds of sodium, or of the compounds of 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 

objected to as being too broad. Strictly speaking, this title 

includes the carbonates, and it is customary to treat of these 

; widely distributed substances under the head of Inorganic 

I Chemistry. Most books on Inorganic Chemistry also deal with 

1 some of the simpler compounds of carbon, such as the oxides, 

cyanogen, marsh gas, etc. 
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This objection is of weight only as far as the carbonates 
are concerned, and it does not appear strong enough to make 
the introduction of a new name necessary. It should be men- 
tioned, however, that the name Chemistry of the Hydrocarbon s 
a nd their Deriva tives h as, re cently been sugge&ted- Tlie exact 
significance of this name will appear when the compounds with 
which we shall have to deal come up for consideration. 

Sourceso^oomDOUjids. — The compounds of carbon are, 
for the most part, made in the l aborator y ; but in preparing 
them we usually start with a few fundamental compounds 
which are formed by natural processes. A large number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other substances. 
Others, such as urea, uric acid, albumin, etc., occur in animal 
organisms. Petroleum, which has been formed in Nature by 
processes intimately connected with those which give rise to the 
formation of coal, contains a large number of compounds con- 
sisting of onlj' carbon and hydrogen ; and these compounds 
serve as the starting-points in the preparation of a large number 
of derivatives. When coftl is heated for the purpose of manu- 
facturing illuminating gas, a very complex mixture of liquid 
and solid products is obtained as a by-product, known as coal 
tar. This substance yields some of the most valued compounds 
of carbon. A larger number of the compounds of carbon are 
obtained from this than from any other one source. When 
bofie s are heated in the manufacture of bone-black, an oil 
known as bone oil is obtained. Of late, this has proved to 
be the source of a large number of interesting compounds. 
In the preparation of charcoal by heating wpod , the liquid pro- 
ducts are sometimes condensed, and they form the som'ce of 
several important compounds, among which may be mentioned 
vx)od spirits or methyl alcohol, acetone, and pyroligneons or 
acetic acid. 
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4 INTBODUCTION. 

Finally, we are dependent upon the process known as f^^^ 
m^^U^^ for a number of the most important compounds of 
carbon. Fermentation, as will be shown, is a general term, 
signifying any process in which a change in the composition of 
a body is effected by means of minute animal or vegetable 
organisms. The best known example of fermentation is that 
of HUgar, which gives rise to the formation of ordinary alcohol. 
Alw>hol in turn serves as the starting-point for the preparation 
of a large number of compounds. 

PmJfloflAion q^^^he compoui^s. — Before the natural 
(!^>rn pounds of carbon can be studied chemically, they must, of 
(M>urMC, bo freed from foreign substances ; and before the con- 
»tltiujnt» of the complex mixtures, petroleum, coal tar, and bone 
oil can bo studied, they must be separated and purified. The 
pro<;eHH0S of separation and purification are, in many cases, 
cxtn^mcly difficult. If the substance is a solid, different 
HK^thods may bo used according to the nature of the substance. 
CrmtaMlza tiim is more frequently made use of than any other 
I)ro(;eHH. This is well illustrated, on the large scale, in the 
roflning of sugar, which consists, essentially, in dissolving the 
MUgar in water, filtering through bone-black, which absorbs 
(jolorlng matter, and then evaporating down to crystallization. 
When two or more substances are found together, they may, in 
many casos, be separated b}' what is called fr q ctional cr ystalliz a- 
Hon. This consists in evaporating the solution until, on cool- 
ing, a comparatively small part of the substance is deposited. 
This deposit is filtered off, and the solution further evaporated ; 
when a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then recrystallized, each 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are water, alcohol, ether, benzine, 
ancT bisulphide of carbon ; alcohol being the most generally 
applicable. 
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In the case of liquids, the process of df^xfi/JnHnn. is used. 
The apparatus commonly used is illastiated in Fig. 1. 



The only part of the apparatus which requires explana- 
tion is the tube A. This is known as the distiUing tube. 
It is simply a straight glass 
tube, about 16™ long and 12 to 
j^miD jg diameter, to which is 
attached a smaller branch some- 
what inclined downward. The 
object of the tube is to accom- 
modate a thermometer B, which 
is so fixed by means of a cork, 
that it is in the centre of the 
larger tube, and its bulb directly 
opposite the opening of the 
smaller branch. „ „ 

For small quantitiesof liquids, 
the distilling fiask is much used. This is a long-necked, round 
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flask, with a branch tube fitted directly into the neck, as shown 
in Fig. 2. In this apparatus, the thermometer is fitted into 
the neck of the fiask in the same relation to the exit tube as in 
the larger apparatus. 

For the separation of liquids of different boiling-points, the 

process of frjii^iiQjii,sd4SUiili^^ ^^ much used. When 

a mixture of two or more liquids of different boiling-points is 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest. 
Thus, ordinary alcohol boils at 78°, and water at 100°. If the 
two be mixed, and the mixture distilled, it will be found that it 
begins to boil at 78°, but that very little passes over at this 
temperature. Gradually, as the distillation proceeds, the tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 100° is reached, when all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry fiasks are prepared for 
collecting the distillates. The boiling is begun, and the point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
a certain number of degrees (3, 5, or 10, according to the char- 
acter of the mixture) is collected in the first flask. The receiver 
is then changed, without interruption of the boiling, and that 
which passes over while the mercury rises through another 
interval equal to the first is collected in the second fiask. The 
receiver is again changed, and a third distillate collected ; and 
so on, until the liquid has all been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temperatures. In the case of alcohol 
and water, for example, we might have collected distillates from 
78° to 83°, from 83° to 88°, from 88° to 93°, from 93° to 98°, 
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from 98° to 100°. Now a clean distilling flask is taken, and 
into it introduced the first fraction. This is distilled until the 
thermometer marks the upper limit of the original first fraction, 
the new distillate being collected in the flask which contained the 
first fraction. When this upper limit is reached, the boiling is 
stopped. It will be found that there is some of the liquid left 
in the distilling flask. That is to say, assuming that in the first 
distillation the first fraction was collected between 78° and 83°, 
on boiling this fraction the second time it will not aU come over 
between these points ; when 83° is reached some will be left in 
the flask. The second fraction is now poured into the distilling 
flask through a funnel tube, and the boiling is again started. 
Of the second fraction, a portion will pass over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue the boiling until the thermometer 
marks the highest point of the fraction last introduced, changing 
the receiver whenever the indications of the thermometer require 
it. Now stop the boiling, and pour in fraction No. 3, and so 
on until all the fractions have been subjected to a seconji distil- 
lation. On examining the new fractions, it will be found that 
the liquid tends to accumulate in the neighborhood of certain 
points corresponding to the boiling-points of the constituents of 
the mixture. The distilling flask is now cleaned, and the whole 
process repeated. A further separation is thus effected. By 
continuing the distillation in this way, pure substances ma}^ in 
most cases, eventually be obtained. That the fractions are 
pure may be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected 
by means of fractional distillation ; as, for example, in the 
case of alcohol and water. But still it is valuable, even in 
such cases, as it enables us to purifj- the substances, at least 
partially. 

The best ft yamplf^ a of distillation carried on on the large scale 
are Idiose nfjilf^n] ^pH ppfrr^ionnn Probably the best example 
of fractional distillation is that of the light oil obtained from 
coal tar. 
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Experiment 1. Mix equal parts (about half a litre of e^cn) of alco- 
hol and water. Distil through four or five times, and notice the 
changes in the quantities obtained in the different fractions. 

Determination of the boilingr-point. — In dealing with 
liquids, it often is extremely difficult to tell whether, they are 
pure or not. The first and most important physical property 
which is utilized for this purpose is the boiling temperature, 
commonly called the boiling-point. This is determined by 
means of an apparatus, such as is described above as used for 
distilling. The temperature noted on the thermometer when 
the liquid is boiling is the boiling-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for making these corrections may be found in 
larger books. A constant boiling-point is characteristic of a 
pure chemical compound. 

Determination of the melting-point. — Just as the boil- 
ing-point is a very characteristic property of liquid bodies, so 
the melting-point is an equally characteristic property of many 
solid bodies. If a substance begins to melt at a certain tem- 
perature, and does not melt completely at that temperature, it 
is, in all probability, impure. By means of the melting-point 
minute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with the 
compounds of carbon, determinations of melting-points are very 
frequently made. In general, only those compounds which have 
constant melting-points are to be regarded as pure. The deter- 
mination is made as follows : Small tubes are prepared by 
heating a piece of ordinary soft glass tubing of 4™™ to 5""* 
diameter, and drawing it out. If the parts are drawn apart 
about 12*^" to 15*^"*, two small tubes may be made from the 
narrowed portion by melting together in the middle, and then 
filing off each piece where it begins to grow wider near the 
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large tube. These amall tubes must have thin walls, and be 
of such iDternal diameter that an or<linary pin can be intro- 
duced into them. A small quantity of the autistance to be 
tested is placed in one of the tubes, enough to make a minute 
column of about 5""" in height. The tube containing the 
substance is fastened to a thermometer by means of a small 
rubber band cut from a piece of rubber tubing. The band is 
placed near the upper part of the tube, and the lower part of 
the tube, containing the substance, is placed t^ainst the bulb 
of the thermometer. Now a beaker glaas of about 100" 
capacity is filled with pure paraffin, and the latter melted. 
When it is in liquid condition, the thermometer, with the tube 
and substance, is introduced , 
into it, and the heating con 
tinned with the aid of i 
small flame until the sub- 
stance melts. The instant it 
melts the temperature indi- IMI . 

1^. 




cated by the thermometer 
is noted. This is the melt- 
ing-point required. tt is 
necessary, however, to cor- 
rect the observed point in 
the same way as in the case 
of the boiling-point. Some- 
times, instead of parafHn, 
concentrated sulphuric acid 
is used in the bath ; but. for 
obvious reasons, the paraf- 
fin is to be prefericd. For ^^^^^^^^^^^^^^^^^^^^ 
substanceawhich nieltbelow 

80°, the temperature at which ordinary paraffin is liquid, 
water should be used. 
I Flxperiment 2. Determine the melting-points of a l^w substances, 
" such as urea and tartaric add. If lliey do tiot melt at definite point" 
recr^-Htalliio tlicm until tliey do. Note the racUlng-poliits obser 
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and see how well they agree with those stated in the book. The 
arrangement of the apparatus above described is shown in Fig. 3. To 
secure a uniform temperature of the bath, it should be gently stirred 
with a glass rod during the experiment. The mercury of the ther- 
mometer should rise slowly. 

Analysis. — Having purified the compounds, the next step 
is to determine their composition. A comparatively small num- 
ber of the compounds ordinarily met with consist of carbon and 
hydrogen only ; the largest number consist of these two elements 
together with oxygen ; many contain carbon, hydrogen, oxygen, 
and nitrogen. But, in the derivatives of the fundamental com- 
pounds, all other elements may occur. Thus the hydrogen may- 
be partly or wholly displaced by chlorine, bromine, or iodine, as 
in the so-called substitution-products ; and any metal may occur 
in the salts of the acids of carbon. The estimation of carbon 
and hydrogen is the principal problem in the analysis of the 
compounds of carbon. This is effected by what is known as 
the r nmhu^^ tiqifi prnrfifm A known weight of the substance is 
completely oxidized, the carbon being thus converted into car- 
bon dioxide, and the hydrogen into water. These two products 
are collected, the carbon dioxide in a solution of potassium 
hydroxide, the water in calcium chloride, and weighed. From 
the weights of the products the weights of carbon and hydrogen 
are calculated. Oxygen, if present, is not estimated directl}', 
but by difference, i.e., the amounts of carbon and hydrogen found 
are adcjed together, and the sum subtracted from the weight of 
the original substance. The difference represents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, as it can be found in any 
book on analytical chemistry. A brief description, however, 
may not be out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gas furnace con- 
structed for the purpose. Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a boat^ which is 
introduced into the tube with granulated copper oxide. The 
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tube is then connected with (1) a u-tube filled with calcium 
chloride ; (2) a set of bulbs containing a solution of potassium 
hydroxide, and constructed so as to secure thorough contact of 
the passing gases with the solution ; and (3) a small U-tube 
filled with solid potassium hydroxide. After the combustion is 
completed, a cur rent of pure dry oxygen is p^gaed through the 
tube ; and, finally, air is passed until the oxygen is displaced. 
The method at present used was introduced by Liebig. It 
has contributed very greatly to a thorough understanding of 
the compounds of carbon. 

Two methods are in common use for the estimation of nitrogen 
in carbon compounds. The first is known as the n^^nhita f^fh^d.. 
This consists in oxidizing the substance by means of copper 
oxide ; then decomposing, by means of higWy-heated metallic 
copper, any oxides of nitrogen which may have been formed, 
and collecting the nitrogen. The volume of the nitrogen thus 
obtained is measured, and its weight easily calculated. The 
chief diflSculty in this method consists in removing the gases 
contained in the apparatus before the combustion is made. To 
do this, the simplest way is to use a mercury air-pump. Several 
simple forms of the pump have been devised for this purpose, 
and some of them work admirably. Having exhausted all the 
air, the combustion is made by heating the tube containing the 
substance and copper oxide and a layer of copper foil ; and, 
finally, the gases are exhausted at the end of the operation. 
The only three gases which can be present, assuming that the 
substance contained nothing but carbon, hydrogen, ox^'^gen, and 
nitrogen, are carbon dioxide, water vapor, and free nitrogen. 
The water vapor is, of course, condensed, and the carbon dioxide 
is absorbed by passing the gases through a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

The second method for the estimation of nitrogen consists in 
heating the substance with a mixture of sodium hydroxide and 
quicklime, called soda-lime. The nitrogen is thus converted 
into ammonia, which is collected in a known quantitj' of dilute 
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hydrochloric or sulphuric acid. After the operation, the amount 
of acid remaining unneutralized is determined by titration ; and 
from this the amount of ammonia formed can be calculated ; 
and from this, in turn, the amount of nitrogen. This method 
is not applicable to all compounds, because the nitrogen of some 
compounds is not converted into ammonia under the circum- 
stances mentioned. 

As regards the estimation of other constituents of carbon 
compounds, it need only be said that in most cases it is neces- 
sary to get rid of the carbon and hydrogen by some oxidizing 
process before the estimation can be made. Thus, in estimating 
sulphur, it is common to fuse the substance with potassium 
nitrate and hydroxide, when the carbon and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
phate, and ma}'^ be estimated in the usual way. 

Formula. — The deduction of the formula of a compound 
from the results of the analysis involves two steps. The first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.18 per cent carbon, 
13.04 per cent hydrogen, and 34.78 per cent oxygen. To get 
the atomic proportions, divide the figures representing the per- 
centages of the elements by the corresponding atomic weights. 
We have thus : — 





Per .. -rjrr. ProportloDate 
Centflge. -^*- ^^' No. of Atoms. 


c 


52.18 : 12 = 4.35 2 


H 


13.04 : 1 = 13.04 6 





34.78 : 16 = 2.17 - 1 



That is to say, accepting the atomic weights, 12 for carbon and 
16 for oxygen, the simplest figures representing the number of 
atoms of the three elements in the compound are 2 for carbon. 
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6 for h3'drogen, and 1 for oxygen. According to this, the 
simplest formula which can be assigned to a substance giving 
the above results on analysis is C2II6O. But the formula 
C4H12O2 is equally in accordance with the anal3'tical results, and 
we can only decide between the two by determining the molecular 
weight. This, as is known, is done by determining the specific 
gravity of the substance in the fonn of vapor. This operation 
is of the greatest importance. It is assumed that the student, 
who has already studied the elements of inorganic chemistry, is 
familiar with it, and with the exact connection which exists 
between it and the molecular weights of compounds. A few 
statements in regard to the connection will, however, be made 
here, in order to recall its chief points, and to impress upon the 
mind of the student its fundamental importance. 

Every chemical formula is intended to represent the molecule 
of a compound and the composition of the molecule. Our 
conception of the molecule is based almost exclusively on 
Avogadro's hypothesis, according to which equal volumes of all 
gases contain the same number of molecules. Hence, by com- 
paring equal volumes of bodies in the form of gas or vapor, we 
get figures which bear to each other the same relations as the 
weights of the molecules. The figures called the specific gravi- 
ties express the relations between the weights of equal volumes. 
In the case of gases, air is taken as the standard, and the 
weights of other gases are compared with this standard. Thus, if 
we say that the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any volume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure is 0.918. If we assign to any com- 
pound a certain molecular weight, the molecular weights of other 
gaseous compounds can be determined without diflSculty. We 
must, therefore, first select some substance, the molecule of 
which may be used as the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other in only one proportion, and there is good evidence 
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in favor of the view that it represents the simplest kind of 

combination, viz., that of one atom of one element with one of 

another. Hydrogen and chlorine are present in the compound 

in the proportion of 1 part of hydrogen to 35.4 parts of chlorine ; 

hence the simplest molecular weight which can be assigned to 

the compound, the atomic weight of hydrogen being 1, is 36.4. 

The molecular weight of this standard molecule is, therefore, 

taken to be 36.4, and we have now simply to compare the 

weights of other gases with that of hydrochloric acid in order 

to know their molecular weights. Thus, to illustrate by means 

of the body whose atomic relations we found by analysis to be 

represented by the formulas CjsHeO, C4H12O2, etc., if this body 

be converted into vapor and its specific gravity determined, it 

might be found to be 1.6. The relation between the molecular 

weight of any body and its specific gravity is expressed by the 

equation 

Jtf = d X 28.88, 

in which M is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As d is 1.6 in 
the case under consideration, we have 

Jf (the unknown molecular weight) = 1.6 x 28.88 = 46.2. 

If the formula of the compound is CaHgO, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2 X 12 + 6 X 1 + 16 = 46, 

which agrees with the figure deduced from the specific gravity. 
It therefore follows that the foi-mula CgHgO is correct. 

There are some other methods which may be used in deter- 
mining the molecular weight of a compound. Among these 
may be mentioned the analysis of salts. To illustrate this, 
take the case of acetic acid. Analysis shows us that it must be 
represented by one of the formulas CHgO, C2H4O2, C3H6O2, etc. 
If we make the silver salt, we find that its anal3'sis leads us to 
the formula C2H302Ag, and not CHOAg, and we hence conclude 
that the molecular formula of acetic acid is C2H4O2. 
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The methods for determining the specific gravity of vapors 
are assumed to have been described in the course in inorganic 
chemistry, which the student should have followed before begin- 
ning the study of the compounds of carbon. 

Structural formula. — The fonnulas CaHgO, CgHA, CgHg, 
etc., tell us simply the composition of the three bodies repre- 
sented, and tell us also the relative weights of their molecules. 
In studying the chemical conduct of these bodies, their decom- 
position, and the modes of preparing them, we become familiar 
with man}- facts which it is desirable to represent by means of 
the fonnulas. Thus, for example, but one of the four parts of 
hydrogen represented in the formula of acetic acid, C2H4O2, can 
be replaced hy metals. It plainly differs from the three remain- 
ing parts, and it is natural to conclude that it is held in the 
molecule in some way differently^ from the other three.. We may, 
therefore, write the formula C2H3O2.H, which is intended to call 
attention to the difference. By further study of acetic acid, we 
find that that particular hydrogen, which gives to it its acid 
properties, and which, in the above formula, is written by itself, 
is intimately associated with oxygen. It may be removed with 
oxygen by very simple reactions, and the place of both taken 
by one atom of some other element ; as, for example, chlorine. 
Thus, when acetic acid is treated with phosphorus ti'ichloride, 
PCI3, it is converted into acetyl chloride, C2H3OCI, according to 
this equation : — 

3 C2H4O2 H- PCI3 = 3 C2H3OCI + PO3H3. 

The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygen in acetic acid by one atom 
of chlorine, a fact which certainly points to an intimate connec- 
tion between the hydrogen and oxygen in the acid. Further, 
when acetyl chloride is brought in contact with water, acetic 
acid is regenerated, hydrogen and oxygen from the water enter- 
ing into the place occupied by the chlorine, as represented in 
this equation : — 

C2H3OCI + H2O = C2H4O2 + HCl. 
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From facts of this kind the concUision is drawn that in acetic 
acid hydrogen and oxygen are connected; or, as it is said, linked 
together ; and this conclusion is represented in chemical lan- 
guage by the formula C0H3O.OH, which may serve as a simple 
illustration of what are called structural or constitutional for- 
mulas. In all compounds the attempt is made, by means of a 
thorough study of their chemical conduct, to trace out the 
connections existing between the constituent atoms. When 
this can be done for all the atoms contained in a molecule, the 
structure or constitution of the molecule or of the compound is 
said to be determined. The structural formulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who U7iderstands the language in which they are written to se^^^ 
relations which might easily escape his attention without their 
aid. In order to understand them, however, the student must 
have a knowledge of_ the reactions upon which the}' are based ; 
and he is warned not to accept any chemical formula unless he 
can see the reasons for accepting it. He should accustom him- 
self to ask the question, upon what facts is it based? whenever 
a formula is presented for the first time. If he does this con- 
scientiously he will soon be able to use the language intelli- 
gently, and the beauty of the relations which exist between the 
large number of compounds of carbon will be revealed to him. 
If he does not, his mind will soon be in a hopeless muddle, 
and what he learns will be of little value to him. For the 
beginner, this piece of advice is of vital importance : Study 
ivith great care the reactions of compounds; study the methods of 
making them^ and the decompositions which they undergo, TJie 
formulas are but the condensed expressions of the conclusions 
which are drawn from the reactions. 

General principle of olassifloation of the compounds 
of carbon. — In considering the elements and compounds in- 
cluded under the head of Inorganic Chemistry, the fundamental 
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substances are, of course, the elements. The properties of the 
elements enable us to separate them, for study, into a numbei 
of groups ; as, for example, the chlorine group, including 
bromine, iodine, and fluorine ; the oxygen group, in which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studj'ing the members of this group, there is found great 
similarity in their properties. Their hydrogen compounds next 
present themselves, and here the same similarity' is met with. 
Then, in turn, the oxygen and the ox3"gen and hydrogen com- 
pounds are considered, and again the resemblances in properties 
between the corresponding compounds of chlorine, bromine, and 
iodine are met with. We thus have groups of elements, and 
of the derivatives of these elements : as, — 

CIO3H 
BrOgH 
lOsH, etc. 

Of course, the chlorine group is quite distinct from the oxygen 
group and from aU other groups ; and each member of the 
chlorine group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine compound 
from a chlorine compound, or a chlorine compound from a 
bromine compound without directly replacing the one element 
by the other. 

Now, when we come to study the compounds of carbon, we 
shall find that the same general principle of classification is 
made use of ; only, in consequence of the peculiarities of the 
compounds, the system can be carried out much more perfectly ; 
the members of the same group can be transformed one into 
the other, and it is also in our power to pass from one group to 
another by means of comparatively simple reactions. 

The simplest compounds of carbon are those which contain 
only hydrogen and carbon, or Ihe hydrocarbons. All the other 
compounds may be regarded as derivatives of the hydrocarbons. 



CI 
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Br 


BrH 
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To begin with, there are several groups or series of hydrocar- 
bons, which correspond somewhat to the different groups of 
elements. The members of one and the same series of hydro- 
carbons resemble each other more closely than the members of 
one and the same series of elements. Although we have indie 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of these, but two include more than two or three members which 
will need to be considered in this book. 

Starting with any series/of hydrocarbons, several classes of 
derivatives may be obtained by treating the fundamental com- 
pounds with different reagents. The c hief classes of th ese 
deqyatlyeg..are : (1) those containing halogens ; (2) those con- 
taining oxygen, among which are the acids, alcohols, ethers, etc. ; 
(3) those containing sulphur; and (4) those containing nitro- 
gen. Corresponding to every hydrocarbon, then, we may expect 
to find representatives of these different classes of derivatives. 
But the relations existing between any hydrocarbon and its 
derivatives are the same as those existing between any other 
hydrocarbon and its derivatives. Hence, if we Tcnow what 
derivatives one hydrocarjbon can yield, we know what deriva- 
tives we may expect to find in the case of every other hydro- 
carbon. The student who, for the first time, undertakes the 
study of carbon chemistry, is very apt to feel overwhelmed by 
the enormous number of (compounds described in the book or by 
the lecturer. This larg^ number is really not a serious matter. 
No one is expected to become acquainted with every compound. 
A great many of these ^eed only be referred to for the purpose 
of indicating the extent to which the series to which they belong 
have been developed. In general, the members of any series 
so closely resemble one another, that, if we understand the 
simpler members, we h«.ve a fair knowledge of the more com- 
plicated members. 

It is proposed, in this treatise, to consider only the more 
important compounds . apd the more important reactions, the 
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f 



object being rather to give 
.than detailed informatioi 



a clear, general notion of the subject, 
' regarding particular compounds. 



the properties of any of 



Should the student desire iiore specific information concerning 



the compounds mentioned, he can 



easily finc^it in some larder book. It will, however, hardly 
be profitable for him, at the outset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
is so important that he she uld gain as quickly as possible. 

The plan which will be followed is briefly this : Of the first 
series of hydrocarbons twi members will be considered. Then 
the derivatives of these tjwro will be taken up. These deriva- 
tives will serve adrairabl}'! as representatives of the coiTCspond- 
ing derivatives of other hydrocarbons of the same series, and of 
other series. Their characteristics, and their relations to the 
hydrocarbons will be dwtelt upon, as well as their relations to 
each other. Thus, by a (Comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of ^e compounds of carbon. After these 
typical derivatives have been considered, the entire series of 
hydrocarbons will be t^ken up briefly^ only such facts being 
dealt with at all fully fas ai*e not illustrated by the first two 
members. 

After the first series has been studied in this way, and a clear 
idea of the relations j^etween the various classes has been 
obtained, a second series will be taken up and treated in a 
similar way, and so ob. But, as already stated, but few of 
the series require very ^ much attention at the beginning. The 
first series which will be used for the purpose of illustrating the 
general principles is one of the two most important series, and 
of the only two that need be considered at all fully at present. 
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CHAPTER II. 



METHANE AND ETHANE. - HOMOLOGOUS 

SERIES. 

If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their properties, 
we would find that a large number of them resemble marsh gas 
in their general conduct. Some of the points of resemblance 
are these : They are v ery stab le, r esisti ng with marked power 
the action of m ost reage nts^ andnothing can be added to them 
directly, — if any change takes place in them,' hydrogen is first 
fijiven UP . On arranging these substances according ^To the 
number of carbon atoms contained in them, we have a remark- 
able series, the first six members of which, together with their 
formulas, are included in the subjoined table : — 

Methane (or Marsh Gas) CH4. 

Ethane C2H6. 

Propane CgHg. 

Butane C4H10. 

Pentane O6H12. 

Hexane C)6Hi4. 

On examining the formulas given, we see that the difference in 
comjwsition between any two consecutive members is representeil 
/ by CHj{. Thus, adding CHg to marsh gas, CH4, we get ethane, 
! C2H6; adding CHg to C2H61 we get CgHg, and so on, in each 
j successive step. Any series of this kind, in which the sueces- 
' sive members increase in complexity by CH2, is called a homo l- 
\ oqous series , 

-^ \ Just as the members of a homologous series* of hydrocarbons 
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differ from one another by CH2, or some multiple of itJso/ 
also the members of any class of derivajtJac^gof those hydro- 1 
carbons differ from each other in the same way, and form / 
homologous series."! Thus, running parallel to the hydrocarbons \ 
mentioned abov^, "we have two homologous series of oxygen 
derivatives, as indicated below : — 



CH4 -CH4O -CHA. 
CjUq — CgHeO — C2H4O2. 
CsHg — CsHgO — CsHgOa* 
^4^10 — C4H10O — C^HgOj. 
^fiHia — C5H12O — CaHjoOj. 
^eP^u — C6H14O — C6H22O2. 



The relation observed between the members of the homologous / 
series mentioned is by no means a peculiarity of the marsh gas 



series of hydrocarbons and of their derivatives, but is observed 
in connection with all other series of hydrocarbons and their 
derivatives. 

Strictly speaking, there is perhaps no analogy for this re- 
markable fact among the elements and their compounds, yet 
facts which suggest analogy are known. Consider, for example, 
the chlorine series. We have 

Chlorine, with the atomic weight, 35.4 ^ 

ft 

Bromine, " " " 80. 

Iodine, " " " 127. 

As is well known, the difference between the atomic weights of 
chlorine and bromine is approximately equal to the difference 
between those of bromine and iodine. In other words, there is 
a regular increase in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the atomic 
weights of these similar elements, just as there is a regular 
increase in the molecular weights of the similar members of a 
homologous aeries. While, however, a satisfactory hypothesis 
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has been offered to account for the latter fact, and experi- 
mental evidence is strongly in favor of the hypothesis, no satis- 
factory explanation of the former has been offered ; or rather 
no satisfactory experimental evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forward to account for the similarity between members 
of the same group of elements* 

The view at present held in regard to the nature of h4mQj^gy 
is founded, primarily, u pon the , idea that carbon is quai 
If carbon is quadrivalent, it will readily be seen that the com- 
pound, marsh gas, CH4, is saturated ; that is, the molecule 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the molecule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of union 
taking place directly between the molecules CH4 and CH4, but 
we can conceive of union taking place between the molecules 
CHg and CHg, to form a molecule C2H6, which in turn is satu- 
rated. Representing graphically what is believed to take 
place, we have, first, marsh gas^ which we may represent thus, 

H 
I 
H — C — H. If this loses one atom of hydrogen, we have the 

K I 

unsaturated molecule H — C — , which is capable of uniting with 

H 

another molecule of the same kind to form the more complex 

H H 
I I 
molecule H — C — C — H, or CoHg, which is believed to express 

I I 
H H 

the relation existing between marsh gas, CH4, and ethane, C2H8, 
or between any two adjoining members of a homologous series. 
The evidence in favor of this view will be presented when the 
reactions are considered by means of which the hydrocar- 
bons are made. The explanation offered, and now generally 
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accepted, involves the idea that carbon atoms have the power 
of uniting with each other. And, as the explanation for the 
relation between the first and second members is, in principle, 
the same as for the relation between the second and third, the 
third and fourth, etc., it appears that this power of carbon atoms 
to unite with each other is very extensive. It is to the power 
which carbon possesses of forming homologous series, or to the 
power of the atoms of carbon to unite with ^gji^f^^ r^^y^tMr^ that we 
owe the large number of compounds of this element. 

Methane (marsh gas, fire damp), CH*. — This hydro- 
carbon is found rising from pools of stagnant water in marshy 
districts. If a bottle be filled with water and inverted with a 
funnel in its neck in such a pool, some of the gas may be col- 
lected by holding the funnel over the bubbles rising from the 
bottom. It is also found in large quantities mixed with air, in 
co.aL-Baui^s, and sometimes issues from the earth, in company 
with other gases, in the neighborhood of pet roleum w ells. 

It may be prepared by passing a mixture of carbon bisulphide 
and hydrogen sulphide or water vapor over ignited metals, as 
indicated in the following equations : — 

CS2 + 2 HgS -f 8 Cu = CH4 + 4 CugS, 
and CS2 -I- 2 HgO + 6 Cu = CH4 + 2 CusS 4- 2 CuO. 

These methods are of special interest for the reason that they 
indicate the possibility of making marsh gas from the elements ; 
carbon bisulphide, hydrogen sulphide, and water all being made 
readily from the elements. 

It is formed, as its occurrence in marshes indicates, by the 
decomposition of organic matter under water. In pure con- 
dition it is made most readily by mixing 2 parts sodium acetate, 
2 parts potassium hydroxide, and 3 parts quicklime, and heat- 
ing the mixture. Writing sodium instead of potassium hydi-ox- 
ide, the action which takes place is represented thus : — 

NaCgHgOa + NaOH = CH4 + Na^CO^. 



24 METHANE AND ETHANE. 



\;' 



7^ 



It will be shown hereafter that m ost a cida of carbon break up 
in a 8imilai;^wav, jieldin^ a hydrocarbon and a carbonate. "^ 

Properties. Marsh gas is colorless and inodorous. It is 
slightly soluble in water, but not so much so as to prevent its 
collection over water. It burns. Its mixture with air is explo- 
sive. It is this mixture which is the cause of the explosions 
which so frequently take place in coal mines. 

Bxperlment 3. Make marsh gas from sodium acetate. Collect 
over water. Burn some as it escapes from a jet. Mix a little with 
seven to eight times its volume of air in a wide-mouthed cylinder of 
not more than 150 to 20(y^ capacity. Explode by applying a lighted 
taper. 

Reagents, in general, do not act readily upon marsh gas. 
Chlorine in diffused daylight gradually replaces the hydrogen, 
forming a series of compounds which will be considered under 
the head of the halogen derivatives of methane. The simplest 
of them has the composition represented by the formula CHgCl, 
and is known as cJilor-metJiane or methyl cliloride. 

Ethane, C2H6. — Ethane rises from the earth from some of 
the gas wells in the regions in which petroleum occurs. It is 
also found dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CH3CI. As the corre- 
sponding iodine derivative is less volatile, it is used. This iodo- 
methane, CH3I, is treated with zinc or sodium in some neutral 
medium, as, for example, anhydrous ether. The reaction which 
takes place is represented thus : — 

CH3I + CH3I + 2 Na = CgHg + 2 Nal. 

This method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well calculated 
to show the relations between the substances formed and the 
simpler ones from which they are made. 
An operation of the kind involved in the above-mentioned 
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preparation of ethane is called a synthes is. The essential feature 
of the synthesis is the formation of a more complex body from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the use of various methods 
of synthesis. For example, in the case under consideration, the 
synthesis gives us at once a clear view of the relations between I 

ethane and methane, and also suggests that homology' may be I 

due to similar relations between the successive members of the -J 

series, — a view which is fully confirmed by the synthetical prep- 
aration of the higher members. A similar method of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulphate. The action is represented thus: — 



Na^A 1 u. T = NaSjOg ^ . 2 Nal. 
Na^SA J ' NaS A 



Two mol. sodium Sodium tetra- 

thiosulphate. thionate. 



t^ CHAPTER III. 



V 



HALOGEN DERIVATIVES OF METHANE 

AND ETHANE. 

Substitution. — When methane and chlorine are brought 
together in difl'used daylight, action takes place gradually; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formulas CH3CI, CH2CI2, CHCI3, and CCI4. We 
see thus that the action of chlorine consists in replacing, step 
by step, the hydrogen of the hydrocarbon. The action is repre- 
sented by the four equations : — 

(1) CH4 -f CI2 = CH3CI + HCl; 

(2) CH3CI -f- CI2 = CII2CI2 -f- HCl ; 

(3) CH2CI2 -f CI2 = CHCI3 + HCl ; 

(4) CHClg + CI2 = CCI4 + HCl. 

This replacement of hydrogen by chlorine is an example of 

what is known as stibstitution. \ We shall find that most hydro- 

\ carbons are very susceptible to the influence of the halogens 

I and a number of other reagents, such as nitric acid, sulphuric 

\ acid,' etc., and that thus a large number of derivatives may be 

made, differing from the hydrocarbons in that they contain one 

or more halogen atoms or complex groups in the place of the 

same number of hydrogen atoms.'H It must be borne in mind 

that the mere fact that chlorine, In acting upon marsh gas, 

replaces an equivalent quantity of hydrogen, does not prove that 
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the chlorine in the product occupies the same place that the 
replaced hydrogen did. Nevertheless, a careful study of all 
the facts regarding the products thus formed has led to the 
belief that the substituting atom or residue does occupy" the 
same place, or bear the same relation to the carbon atom as 
the hydrogen did* 

The name substitution-products properlj' includes all products 
made from the hydrocarbons, or from other carbon compounds, 
by the substitution process. The principal ones are those 
formed by the action of the halogens, or the halogen substitution- 
products; those formed by the action of nitric acid, or the nitro- 
substitution-products ; and those formed by the action of sulphuric 
acid, or the sulphonic acids. The last are, however, not com- 
monly spoken of as substitution-products. 

Chlor-methane, methyl chloride, CH3CI. 
Brom-xnethane, methyl bromide, OHjBr. v. » 

lodo-methane, methyl iodide, CH3I. s 

The chlorine and bromine products can be made by treating \ 
methane with the corresponding element. They can be most/ 
easily made by treating methyl alcohol with the corresponding ^ 
hydrogen acidsf — 

CH4O + HCl = CH3CI + H2O. 

Methyl alcohol. ' Chlor-methane. 

Di-iodo-methane, methylene iodide, CH2I2. — This sub- 
stance is the principal halogen derivative of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo- q 
methane, CHI3, by treating with hydriodic acid, which latter ^ 
acts simply as a reducing agent : — 

CHI3 -f &2 = CH2I2 + IH. ^^^ 

As will be seen, this is a case of reverse substitution; in other 
words, the action is the opposite of that described above as 
substitution. Methylene iodide is a liquid which boils at 180°, 
and has the specific gravity 3,342. 
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(Chloroform, CHCI3. ^ The best known and most exten- 
Bromoform, CHB3. > sively used of these three derivatives 
Iodoform, GHI3. J is chloroform or tri-chlor-methane. It 
is ifiade b}* treating ordinar}' alcohol with " bleaching powder." 
The action is deep-s^ted, involving at least three different 
stages. It will be referred to more fully under the head of 
chloral (which see). Chloroform is a heavy liquid of specific 
gravity 1.526. It has an ethereal odor, and a somewhat sweet 
taste. It is scarcel}^ soluble in water. It bo ils at 62 °. It is 
one of the most valuable anaesthetics, though there is some 
danger attending its use. 

V Experiment 4. Mix 4308 good bleaching powder and 1 J litres water 
in a good sized flask. Add 100«c alcohol (88 to 89 per cent), and 1008 
quicklime, and distil in a water bath. A mixture of alcohol, water, 
and chloroform collects in the receiver. Add milk of lime and calcium 
chloride. Remove the chloroform by means of a pipette. 

Iodoform^ which is used quite extensivelj' in surgery, is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in alcohol and ether, but insoluble in 
water. It crystallizes in delicate, six-sided, yellow plates. 
Melting-point, 119°. 

Experiment 5. Dissolve 20s crystallized sodium carbonate in 100^ 
water. Pour 10« alcohol into the solution, and, after heating to 60'' to 
80^, add gradually 108 iodine. The iodoform separates from the solu- 
tion. 

^'^^rfTrff^^^^^^'^^^^^'^^^^^ ^Cli, is made by treating carbon bisul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Tilq^^'f/iinlpnr.P. r^f thf> hydrnqPM atom^^ in r^^tfiane. Having thus 
seen that the hydrogen atoms of methane can easily be replaced, 
an interesting question suggests itself as to whether these hydro- 
gen atoms all bear the same relation to the carbon atom. tTe 
accept the conclusion that the carbon atom is quadrivalent, 
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and that each of the four hydrogen atoms is in combination 

H(l) 
I 
with it, as indicated in the formula (4)H — C— H(2). Do the 

H(3) 
atoms numbered 1, 2, 3, and 4 bear the same relation to the 
carbon or not? If they do not, then, on replacing H (1) by 
chlorine, the product should be different from that obtained by 
replacing H (2), H (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor-methane and of similar 
products. This subject is an extremely difficult one to deal 
with. We can only say that, although chlor-methane has been 
made in several ways, the product obtained is always the 
same one ; and the same is true of all other substitution -pro- 
ducts of methane. Hence ^ we have no reason whatever for 
believing that there are any differences between the hydrogenl 
atoms of methane. We therefore conclude that they all bear thel 
same relation to the carbon oitomm 

This conclusion is of fundamental importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
ing with all carbon compounds, as will be seen later. 



Chlor-ethane, ethyl chloride, C2H5CI. 

Brom-ethane, ethyl bromide, CaHsBr. 

lodo-ethane, ethyl iodide, C2H5I. 

These substances are all liquids having pleasant ethereal odors. 
^The first boils at 12°, the second at 38.8°, and the third at 72°. 
, Ll^li^y are most readily ma de from alco hol, b^_ti- eating w ithjhe 
corresponding hyc lr^g^n floir|p "^ In the case of the bromide and 
iodide, it is. simpler to treat Ine alcohol with red phosphorus 
and the halogen. The action is similar to that involved in. 
making hydrobromic acid by treating water with red phosphorus ' 
and bromine. It will be shown that alcohol is a hydroxide, 1 
in which hydroxyl (OH) is in combination with the group C2H5, 
called ethyl, as represented in the formula C2H5.OH. When 
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bromiDe is brought id contact with red phosphorus, the tribro- 
mide, FBr,, is foimed, and this acta upon the alcohol thus : — 



CiH, .OH Br 
CA OH + Br 
CjHj.OH Br 



P = 3 CjH^r + P(0H)3. 



WheD water is used instead of aleobol, the bromioe appears in 
combination with hydrogen as hydrobromic acid. 
1 Experiment 6. ArruDge an apparatus as represented In Fig. 4. 

In the flaak place Itw red phosphorus and 60* absolute aieoliol. Put 
60* bromine in the glass-stoppered f uunel, and, bj means of the stop- 



Fig. 4. 

cock, let the bromine enter the flask very slowly, drop by drop. After 
allowing the mixture to stand for two or three hours, gently heat the 
water-bath, and the broni-etliane will distil over. Phice the distillate in 
a glass-stoppered cylinder, and shake it first with water to which some 
eaustie soda has been added, aud then two or three times with water 
alone. Separate the water from the brom-ethane either by means of a 
plpetle' or a separating funnel. Add two or three pieces of fused 
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calcium chloride the size of a small marble, and let stand for a few 
hours. Then pour off into a clean, dry distUling bulb, and distil, noting 
the boiling-point 

Among the many halogen substitution-products of ethane 
containing more than one halogen atom, only two will be men- 
tioned. These are the two cU-^chlor-etJianes^ both of which are 
represented by the formula C2H4CI2. The existence of these 
two substances, having the same composition but entirely differ- 
ent properties, affords a good example of what is known as] 
isomerism. 

Isoznerism. — One of the most striking and interesting facts 
with which we become familiar in studying carbon compounds, 
is the frequent occurrence of two, and often more, substances 
containing the same elements in the same proportions by weight. 
Substances which bear this relation to one another are said to 
be isomeric. 

Isomerism is of two kinds : (1) Substances may have the same 
per centage composition and the same molecular weights. Such 
bodies are said to be metameric. The di-chlor-e thanes, C2H4CI2, 
for example, are metameric. (2) Substances which have the same / 
per centage composition but different molecular weights are saidj 
to be polymeric. Acetylene, C2H2, benzene, CeHg, and styrenei 
CsHg, are polymeric. 

second that wiU fit snugly into it, so that it can be moved up and down without difficulty. 
Draw out the larger tube, and fit to it a tube of about 6««"n diameter and W^ long. 
Then draw out this last tube to a small opening. Close the smaller of the two large tubes 
by melting it together. Finally, put this tube into the largest one, and draw over the two 
a broad piece of thick rubber tubing, which will close the opening between the two, and 
at the same time permit the upward and downward movement of the smaller tube. The 
pipette has the form represented in Fig. 5. 




Fig. 5. 

The dimensions may be varied, but the following will be found convenient : length of 
widest tube about 16 to 20«" ; total length of inner tube, or piston, about 25 to 30«™. In- 
stead of drawing the large tube out and fitting the smaller tube to it, the union may be 
made by means of a cork. 
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The fiause of isomeri sm is undoubtedly to be found in the 
different relations which the parts of isomeric compounds bear 
to each other. Our structural formulas, which show the relations 
between the parts of compounds which have been traced out by 
a study of the chemical conduct of these compounds, give us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-ethanes. One of these is made by treating 
ethane, the other by treating ethylene, C2H4, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

02114 -f- d2 = C>'2il4Cyl2» 

The product from ethylene is called ethylene chloride; that from 

ethane, ethylidene chloride. It will be shown that ethylene is to 

CH2 
be represented by the formula 1 ; that is, that in it two h3'dro- 

CH2 

gen atoms are in combination with each of the carbon atoms. 

Now, if chlorine is brought in contact with this substance, we 

would naturally expect each of the carbon atoms to take up one 

atom of chlorine, and thus to become saturated, as represented 

in the equation, — 

CH2 CI CH2CI 

I + = I 

CH2 CI CH2CI. 

Chlorine is taken up, and it is believed that the eth^^lene 
chloride obtained has the structure represented in the formula 



, the distinctive feature of which is that each of the chlorine 



CH„C1 

I 

CH2CI 

atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; viz., that 

the chlorine atoms are both in combination with the same 

CHCI2 
carbon atom, as represented in the formula | , and we 

CH3 
would be inclined to the view that this represents the structure 
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of ethylidene chloride. Fortunately we have experimental evi- 
dence to support this view. It will be shown that aldehyde 

CHO 
has the formula | . When aldehyde is treated with phos- 

CH3 

phorus pentachloride, two chlorine atoms take the place of the 

oxygen. A product which must be represented by the foimula 

CHCI2 . 

I is formed, and this is identical with ethylidene chloride. 

CH3 

Thus it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride and ethylidene chloride, 
may be said to depend upon the fact that in the foimer the 
two chlorine atoms are in combination with different carbon 
atoms, while in the latter both are in combination with the same 
carbon atom^ 

General characteristics of the halogen denvatives of methane 
and ethane. The one characteristic to which it is desirable 
that special attention should be called is the firmness ^ith whi ch 
the halogens are heldjnthe cgijapaundg. Chlorine, in combina- 
tion with a metal in the form of a soluble compound, can always 
be removed by addition of silver nitrate. ' It cannot easily be 
so removed when present in substitution products of the hydro- 
carbons. If silver nitrate be added to a solution of chlor- 
methane, CH3CI, no precipitate is formed. On the other hand, 
when chlor-me thane is heated with a silver compound, the chlorine 
is removed. Sodium and zinc have the power of extracting the J 
chlorine, bromine, etc., from halogen derivatives, and this factt 
is taken advantage of in the synthesis of many hydrocarbons.! 
(See "Ethane," p. 24.) 



CHAPTER IV. 

OXYGEN DERIVATIVES OP METHANE 

AND ETHANE. 

yXHERE are several classes of oxygen derivatives of the hydro- 
carbons. / Among them are the important compounds known as 
alcohols, ethers^ _aldehydes, and acids^ Each of these classes 
win be taken up in turn. 

^ 1. Alcohols. 

1^ Among the most important 0X3'gen derivatives are the alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the best known examples. 1 As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions are indicated by the formulas^ — 

Hydrocarbons. Alcohols. 

CH4 CH4O 

C2H6 C2HeO. 

v^The molecule of the alcohol differs from that of the correspond- 
ing hydrocarbon by one atom of oxygen. In order to under- 
stand the chemical nature of alcoTioTsrit will be best to study 
with some care the reactions of one ; and we may take for this 
purpose the simplest one of the series, viz., methyl alcohol. \. 

VR Methyl alcohol, CH4O. — This alcohol is known also as 
wood spirits. It is found in n ature in combination in the oil 
of wintergreen . It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneous acid or wood vinegar. Wood is distilled 
in large quantities for various purposes ; chiefly however, for 
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making charcoal. In some charcoal factories the distillate is 
collected and utilized. Wood is distilled also for the purpose 
of making vinegar, or pure acetic acid. 

It is not an easy matter to get pure methj'l alcohol from crude 
wood spirits. Fractional distillation alone will not answer ; 
though, if the mixture be distilled for some time, and the impure 
alcohol thus obtained then converted into some crystalline deriv- 
ative, the latter can be purified and then decomposed in such 
a way as to yield the alcohol in pure condition* 

Methyl alcohol is a liquid which boils at 66.7°, and has the 
specific gravity 0.8142 at 0°. It closely resembles ordinary 
alcohol in all its properties. It burns with a non-luminous 
flame. When taken into the system it intoxicates. In concen- 
trated form it is poisonous. It is an excellent solvent for fats, 
oils, resins, etc., and is extensively used for this pm'pose. 

1 . t\Action of hydrochloric, hydrobromic, and other acids on 
methyl alcohoL^The action of a few acids is represented by 
the following equations : — 

CH4O + HBr = CHaBr -f HgO 
CH4O + HCl = CH3CI + H2O 

CH4O 4- HNO3 = CH3NO3 + H2O 

2 CH4O + H2SO4 = (CH3)2S04 -f- 2 H2O. 

The action is plainly suggestive of that of metallic hydroxides 
or bases. In each case the acid is neutralized and water is 
formed, just as the acid would be neutralized by potassium, 
hydroxide. 

2. Action of phosphorus trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor-me thane 
and phosphorous acid : — 

3 CH4O + PCI3 = 3 CH3CI + P(0H)3. 

Here an atom of oxygen and an atom of hydrogen are together 
replaced by on^ atom of chlorine, the reaction being like that 
which takes place between water and phosphorus trichloride : — 

3 H2O + PCI3 = 3 HCl + P(OH)3. 






/ 
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This fact would lead us to suspect that there is some resem-^ 
blance between the alcohol and water. 

3. Actio7i of potassium and sodium. When potassium is 
brought in contact with pure methyl alcohol, hydrogen is given 
off, and a compound containing potassium is formed : — 

CUJO + K = CHgKO + H. 

Further treatment of this compound with potassium causes no 
further evolution oT hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 



j other three. 



The resemblance between methyl alcohol and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance between the alcohol and water; and, 
^ finally, the replacement of one, and only one, hydrogen atom 

by potassium, lead to the conclusion that the alcohol contains 
hydrogen and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydroocyl 
(OH) . The analogy between the alcohol, a metallic hydroxide, 
and water, is shown by these formulas: alcohol, CHg.OH; 
hydroxide, K.OH ; water H.OH. Thus water appears as the 
type of both the hydroxide and the alcohol, and they may be 
^^ regarded as derived from water by replacing one hydrogen atom 

by the group CHg, in the case of the alcohol, and the metal 
potassium in the case of the hydroxide. ^ Or, on the other hand, 
methyl alcohol mayj)e_regarded as marsh gas in which one, of 
the hydrogen atoms is replaced by hydroxyl. I This is the view 
which is universally held, -j 

To test the correctness of the view, we may try to make 
meth} 1 alcohol in some way that will show us of what parts it is 
made up. Thus, we might start with marsh gas, and introduce 
a halogen, as bromine. Now, if we bring brom-methane to- 
gether with a metallic hydroxide, the bromine and the metal 
may unite, leaving the hydroxyl and the group CHg, which may 
unite also, as indicated in the equation 

CHgBr + MOII = CH3.OH ^ ^^^-, 
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If methyl alcohol could be made in this way, we should have 
very clear proof of the correctness of the view expressed in the 
formula CH3 .OH. While no reaction of this kind has been used 
in the preparation of methyl alcohol, so many alcohols have been 
made in this way that the proof is overwhelming. 

The reactions above considered show that the part of methyl 
alcohol which corresponds to the metal in the hydroxide is the 
group CH3. This it is which enters into the acids in place of 
their hydrogen, and this remains unchanged when potassium 
acts upon the alcohol. It has received the name methyl. Hence 
we have the names methyl alcohol, methyl bromide, methyl 
ether, etc. A group which, like methyl, appears in a number 
of compounds is called a rq^.icaL orj -f^Rffivji. These names are 
intended simply to designate th at part of a carbon compound 
wjiich remains unchanged when t jy f*r>7Tf)pf>nnfl j^^ f^i^bJQ^tPfl tP 
various transforminfiLillfluences. 



The two most characteristic reactions of methyl alcohol are S 
(1) its power to form s^ltlik®^ neutral bodies when treated 
with acids ; and (2)/Yts power to form y;^£u^ when oxidizedri 

The neutral bodiesTPormed with acids correspond to the satts 
of metals, only they contain the radical, or residue, methyl, 
CHs, in the place ot metals. They are called compound ethers 
or eth^r&i^jgjjf, w"^ ' 

r The acid formed by oxidation has the composition expressed 
by the formula CH202.'^ It differs from the alcohol by contain- 
ing one atom of oxygen more and two atoms of hydrogen less. 
It will be shown that this acid is the first of an important series 
of acids, known as the fatty acids Teaxih. of which bears the same 
relation to a hydrocarbon containing the same number of carbon 
atoms that this simplest acid bears to marsh gase 1 

J^hathyl alcohol, C2H5.OH.— This is the best known sub- 
stance belonging to the class of alcohols. It is known also by 
the names spirits of wine and ordinary alcohol. It occurs in 
small quantities widely distributed in nature. 
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The one method of preparation upon which we are dependent 
for alcohol is the fermentation of sugar. 

Fermentation| — Whenever a plant juice which contains 
suga^^ei^xposed to the air, it gradually undergoes a change 
by which it loses its sweet taste. Usually the change consists 
in a breaking up of the sugar into carbon dioxide and alcohol. 
The equation 

CeHiaOe = 2 C^fi^O -f 2 COg, 

Sugar. Alcohol. 

approximately expresses what takes place in the process which 
is known as alcoholic fermentation. It has been shown that 
fermentation is caused by the presence of small organized 
bodies, either animal or vegetable. These bodies, which are 
known as ferments, are of different kinds, and cause different 
kinds of fermentation with different products. Among the kinds 
of fermentation the following may be specially mentioned ; — 

1. Alcoholic or vinous fermentation. This is caused by a 
vegetable ferment which is contained in ordinary yeast. The 
ferment consists of small, round cells arranged in chains. The 
products of its action are alcohol and carbon dioxide. 

2. Lactic acid fermentation. This is due to a vegetable 
ferment which is contained in sour milk. It has the power of 
transforming sugar into lactic acid. 

3. Acetic acid fermentation. This is due to a peculiar vege- 
table ferment which acts upon alcohol, transforming it into 
acetic acid. 

The germs of the various ferments are in the air ; and, when- 
ever they find favorable conditions, they develop and produce 
their characteristic effects. They will not develop in a solution 
of pure sugar. The variety of sugar which is fermentable, and 
which is the one from which alcohol is obtained, is not our 
ordinary cane sugar, but one known as grape sugar; or, more 
conunonly, glacosei In order that the ferments may grow, there 
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mn fii, hft pr^ ^pfint in tbe solutloD, bcsides the sugar, substances 
which contain nitrogen. These, as well as the sugar, are con- 
tained in the juices pressed out from fruits, and hence these 
juices really undergo f ermentatiout 

In the manufacture of alcohol a solution eooftaining either 
starch or sugar is firet prepared from the residue of wine presses, 
or from some kind of grain or potatoes. In case the solution 
contains grape sugar, this undergoes fermentation directly 
when the ferment is added. If the substance in solution 
is cane sugar, this is first changed by the ferment into grape 
sugar, and the fermentation then takes place as in the first 
case* 

Bxperiment 7- Dissolve 40 to 508 commercial grape sugar in 2 to 
3 litres of water in a good-sized flask. Connect the flask by means of 
a bent tube with a cylinder containing clear lime water. Protect the 
latter from the air by means of a tube containing caustic potash. Now 
add to the solution of grape sugar a little brewer's yeast ; close the 
connections, and allow to stand. Soon an evolution of gas will begin, 
and, as this passes through the lime water, a precipitate of calcium 
carbonate will be formed. After the action is over, place the flask In 
a water-bath; connect with a condenser, and distil over 100<=° of the 
liquid. Examine this for alcohol. 

A good way to detect alcohol is this: Warm the solution to be J .^ 
tested; add a small piece of iodine and then caustic potash until the< *^ 
color is destroyed. On cooling, a yellow crystalline powder of iod(h\ 
form is deposited. 

To obtain alcohol from fermented liquids, they must be dis- 
tilled. The ordinary alcohol contains water, and a mixture of "^^ 
other alcohols called fusel oil. The latter can be removed , • 
partly by distillation, and the last portions can be gotten rid of t , 
by filtering through charcoal. The water cannot be removed '-.> 
completely by distillation, though a product containing about 
93 per cent of alcohol can be obtained. S 

Absolute alcohol is ordinary alcohol from which the water has ^- ^ 

been removed to a considerable extent by means of quicklime. ^S^ 

As a rule absolute alcohol contains about 5 per cent of water. ^ 
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By continued treatment with lime the quantity of water may be 
reduced to one-half a per cent, and this small quantit}" may be 
removed b y treatment with metallic sodium . 

Experiment 8. Prepare absolute alcohol from ordinary strong 
alcohol. For this purpose a good-sized flask is one-half to two-thirds 
filled with quicklime broken into small lumps. The alcohol is poured 
upon the lime, and allowed to stand at least twenty-four hours, when 
it is distilled off on a water-bath. If the alcohol used contains con- 
siderable water, it is necessary to repeat the treatment with lime. 

Pure ethyl alcohol has a peculiar, pleasant odor. It is 

claimed, however, that perfectly anhydrous alcohol has no 

X odor. It remains liquid at very low temperatures, but has 

recently been converted into a solid at a temperature of —130.5°, 

"*. It boils at 78.3°. It burns with a non-luminous flame, which 

does not leave a deposit of soot on substances placed in it. It 

may hence be \ised for heating purposes in chemical labora- 

*• tories. When mixed with air its vapor explodes when a flame is 

/\ applied. Its effects upon the human system are well known. 

It intoxicates when taken in dilute form, while in iarge doses it 

is poisonous. It lowers the temperature of the body from. 0.5° 

to 2 ° when taken internally, although the sensation of warmth 

is experienced. 

Alcohol is the principal solvent for substances of organic 
^ origin. It is hence extcnsivel}' used in the arts, as in the manu- 
va facture of v arnish es, p erfum es, and ti nctures of drug s. 

The many beverages which are in use depend for their eflS- 
ciency upon the presence of alcohol in greater or smaller quantity. 
The milder forms of beer contain from 2 to 3 per cent ; light 
wines, such as claret, about 8 per cent ; while whiskey, brandy, 
rum, and other distilled liquors sometimes contain as much as 60 
to 75 per cent. These distilled liquors are nothing but ordinary 
alcohol with water and small quantities of substances obtained 
from the fruit or grain used in their preparation, or obtained by 
^^ standing in barrels made of oak wood. The different flavors 
are due to the small quantities of these substances* 
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Chemical conduct of ethyl alcohol. All that was said in regard 
to the chemical conduct of methyl alcohol applies to ethyl 
alcohol. The action of acids, of phosphorus trichloride, of 
the alkali metals, and of oxidizing agents is the same as in the 
case of methyl alcbhol, only the products formed contain the 
radical, ethyl, C2H5, instead of methyl. 

• 

Note for Student. — The student is advised to write the equar 
tious representing the action of hydrochloric, hydrobroraic, and nitric 
acids ; of phosphorus trichloride ; and of potassium, upon ethyl alcohol. 
What is the co^osition of* the acid formed by oxidation of ordinary 
alcohol? 

-Jg- 2. Ethers. 

As has been shown, when an alcohol is treated with potas- * 
slum or sodium, compounds are formed having the for- 
mulas 

CHgONa, CH3OK, C2H5OK, CgHsONa. 

If one of these be treated with a mono-halogen derivative of 
a hydrocarbon, as, for example, ipdo-me thane, CH3I, reaction 
takes place thus : — 

CHgONa + qPal = CaHeO + Nal. 

The reaction leaves v^ little room for doubt in regard to 
the structure of the compound CaHgO. It must be represented 

by the formula CH^-O-CHg, or ^?J'>0, or (CH8)20. 

CH3 

Comparing it with methyl alcohol, we see that it is obtained 

from the alcohol by replacing the hydrogen of the hydroxyl by 

methyl, CHg. Just as the alcohol is analogous to the hydroxide 

KOH, so the new compound is analogous to the oxide KgO. 

It is the represeJfttive of a class of bodies known as ethers^' 

which are analogous to the oxides of the metals. Our ordinary 

ether is the chief representative of the class. 

While the reaction above mentioned serves admirably to show 

the relations between the alcohols and ethers, it is not the one 
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that is made use of in their preparation. This consists in treat- 
ing the alcohols with sulphuric acid, and distilling. 

^ Ethyl ether, C4H10O = (C,H5)20. — This is the substance 
commonly known simply as ether ^ or sulphuric ether. The latter 
name was originalh' given to it because sulphuric acid is used 
in its manufacture, and plainly not because any sulphur is con- 
tained in it. 

Theoretically, the simplest way to make ether from alcohol 
is to make the sodium compound of alcohol, C2H50Na, and to 
heat this with brom- or iodo-ethane thus : — 

C^HfiONa + C2H5I = (€2115)20 + Nal. 

Practically, however, ether may be made much more readily, 
and it is made on the large scale by mixing sulphuric acid and 
alcohol in certain proportions, and then distilling the mixture 
as described below. Two distinct reactions are involved in this 
process. First, when alcohol and sulphuric acid are brought 
together, half the hydrogen of the acid is replaced by ethyl 
thus : — ^ 

C^H^OH + JJ > SO4 = ^'^^ > SO, + H2O. 

id 11 

The product thus formed is called ethyl-sulphuHc acid. 

Experiment 9. Slowly pour 20 to 30*''' concentrated sulphuric acid 
into about the same volume of alcohol of 80 to 90 per cent. Stir 
thoroughly, and dilute with a litre of water. In an evaporating dish 
add powdered barium carbonate until the liquid is neutral. Filter, 
and examine the clear filtrate for barium. Its presence shows that a 
soluble barium salt has been formed. This is barium ethyl-sulphate, 
BaCCJIgSOJa. 

When ethyl-sulphuric acid is heated with alcohol, ether is 
formed, and sulphuric acid is regenerated thus : — 

C2H5O11 + ^'?/ > SO, = ^:^' > o -f H2SO4. 

11 ^2"5 



ETHYL ETHER. 48 

The ether thns formed distils over ; and, if alcohol be admitted 

to the sulphuric acid, ethyl -sulphuric acid will again be formed, 
and with excess of alcohol it will yield ether. The actual 
method of procedure is described in 

if Experiment 10. Arrange an apparatus as sbown In Fig. 6. In 

the flask put a mlxtare of 2IX* alcohol, and 3fiW ordinary conceii- 

■ trated sulphuric acid. It is better to mii them in another yessel, 

and allow the mixtnre to stand for some time until U Is tboroughl; 



cooled down; and then to pour off from the precipitated if nd sulphate as 
completely as possible. Now heat until the thermometer indicates the 
temperature HO". At this point the mixture bolls, and ether begins to 
pass over. As soon as this is noti_ced, open the stop-cock of the vesf^el 
A, and let a slow stream of alcohol pass Into the distilling flask throngli 
. the tube B, which must reach beneath the surface of the mlsture. 
Regulate this stream so that the. temperature remains as near 140° ns 
possible. In this way the operation can be liept up for a considerable 
time, the alcohol admitted to the flask passing out as ether, and being 
collected together with some alcohol in the receiver. After a1>otit a 
half litre to a litre of distillate has been collected, stop the operation. 
The mixture in the distilling flask may be kept in a stoppered bottle 
and used again when needed. Pour the distillate into a glass-stoppered 



t^.^ 
^t^^^. 
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cylinder, and add water. The ether will rise to the top, forming a 
distinct layer, and may be removed by means of a pipette or separating 
funnel. It should be shaken in this way a few times with water; then 
treated with a little calcium chloride; and, after standing, poured off 
into a dry flask, and distilled on a water-bath. 

N.B. Never boil ether over a free flame ; and, in working with it, 
always carefully avoid the neighborhood of flames. In boiling it on a 
water-bath, do not heat the water to boiling. 

Ether is a colorless, m obile lig uid of a peculiar odor and 
taste. It boils at 34.9°. (Hence the necessity for the pre- 
cautions^ mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have you had that it is li ghter than wate r?) 
It is very i nflammab le. 

^ Bxperiment 11. Put a few cubic centimetres of ether in a small 
evaporating dish, and apply a flame. 

When its vapor is mixftd yritl] air, the mixture is extremely 

e xplosiv e. Ether is somewhat soluble in water, and water is 

. • * also somewhat, though less, soluble in ether ; so that when the 

\. / two are shaken together the volume of the ether becomes 

^..Jjp^^maller, even though every precaution is taken to avoid evapor- 

/ ation. Ether mixes with alcohol in all proportions. It is a 

good solvent for resins, fats, alkaloids, and many other classes 

of carbon compounds. 

It is an excellent anffi^^Jjc, and is used extensively in this 

capacity. In consequence of its rapid evaporation, it is used 

, toproduc^ljMj as in the manufacture of ice. So, also, when 

brought against the skin in the form of spray, the cold produced 

is so great as to cause insensibility. 

V Experiment 12. In a thin glass test-tube put 5^ water. Introduce 
7 the tube into a small beaker containing some ether. Force air through 
the ether by means of a bellows. The water will be frozen. 

Chemical conduct of ether. If we were dependent upon the 
decompositions and general reactions of ether for our knowledge 
of its structure, we would be left in grave doubt as to the rela- 
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tions existing between it and alcohol. Its decompositions are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen, its synthesis from sodium ethylate, C2H50Na, and 
iodo-ethane, C2H5I, leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with water and a small quantity of sulphuric acid to 
150°, it is converted into alcohol : — 

^^^>0 + ^>0 = 2'C2H,OH. 
C2II5 H 

Treated with hydriodic acid at a low temperature, alcohol 
and iodo-ethane are formed : — 

J'^» > O + ^ = C AOH + CsH,I* 

C2XI5 i 

^^P* Mixed ethers. — Just as ordinary or ethyl alcohol yields 
ethyl ether, so methyl alcohol yields methyl ether, (CH8)20. 
By modifying the method, a mixed ether ^ methyl-ethyl ether ^ 

>'o, may be obtained. This is formed by treating sodium 



C2H5 



CH3 

methylate with iodo-ethane, or by treating sodium ethylate with 
iodo-methane : — 

CHaONa + CgH J = ^^' > O + Nal ; 

CsH^ONa + CH3I = ^^' > O -f Nal. 

It is formed also by distilling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-sulphuric acid : — 

CHs^Q ^ ^^^*>S04= ^^JJ*>0 + H2SO,; 

CjH, ^ Q ^ CH, ^ j^Q^ ^ C,H, ^ Q ^ jj^gQ^ 

Methyl ether and methyl-ethyl ether are very similar to ordinary 
ether. 



Hydrocarbons 


Alcohols. 


CH, 


CH«0 


C2Hg 


CjHgO 
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3. Aldehydes. 

'^ It has been stated above that when methyl and ethyl alcohols 
arc oxidized, they are converted into acids having the foimulas 
CH2O2 and C2H4O2, respectively'. By proper precautions, prod- 
ucts can be obtained intermediate between the alcohols and 
acids, and differing from them in composition in that they 
contain two atoms of hydrogen less than the corresponding 
alcohols. These products are called aldehydes^ from alcohol 
dehydrogenatum, from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydrocarbons, alcohols, and 
aldehydes are shown by these formulas : — 

Aldehydes. 

etc. etc. etc. 

Methyl aldehyde, formic aldehyde, OH2O. — This is 
made by gentle oxidation of methyl alcohol, as by passing the- 
vapor of the alcohol with air over a heated platinum spiral. It 
is a very volatile liquid, which, up to the present, has not been 
prepared in pure condition. 

In order to gain a clear insight into the nature of the alde- 
hydes, it will be best to study the best-known representative of 
the class, which is ethyl aldehyde. 

Ethyl aldehyde, acetic aldehyde, O2H4O. — The name 
ethyl aldehyde is intended to recall the connection between the 
substance and ethyl alcohol ; while the name acetic aldehyde is 
given to it because, by further oxidation, it is converted into 
acetic acid. The latter is perhaps the better name, as the alde- 
hyde really does not contain ethyl, CoHg, as is evident from its 
molecular formula. 

Acetic aldehyde is formed whenever alcohol is brought in 
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contact with an oxidizing mixture ; as, for example, potassium 
bichromate and dilute sulphuric acid. 



Kxperiment 13. Dissolve a little potassium bichromate in water, 
and add sulphuric acid. Now add a few cubic centimetres of alco- 
hol, and notice the odor which is that of aldeliyde. Notice, also, 
the change of color of the solution, showing the reduction of tlie 
chromate. 

As aldehyde is a very volatile liquid, it is difficult to collect it. 
In preparing it, it is therefore better to pass it into some liquid 
which will absorb it, and then afterwards separate it by some 
appropriate method. A good method is that described below. 

Experiment 14. Arrange an apparatus as shown in Fig. 7. Put 
120K granulated potassium bichromate in the flask Ay which must have 
a capacity of 1 J to 2 litres. Make a mixture of 1608 concentrated sul- 






; 




Fig. 7. 

phuric acid, 480? water, and 1202 alcohol. Cool the mixture down to 

the ordinary temperature, and then pour it slowly through the funnel- 

^ tube B into the flask containing the potassium bichromate. The 
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flask should stand on a water-bath containing cold water. The cylin- 
ders C and D are about half filled with ordinary ether, each one con- 
taining about 200CC ether, and placed in the large vessel Fy which 
contains ice waier. 

Usually, when the alcohol, water, and sulphuric acid are poured upon 
the bichromate, the action begins without application of heat. At times 
it takes place rapidly, so that the liquid should always be added slowly. 
The aldehyde which is thus formed, together with some alcohol aud 
water vapor, passes into the condenser-tube, where the greater part of 
the alcohol and water is condensed and returned to the flask, while 
the aldehyde, being much more volatile, passes into the ether and is 
there absorbed. After the action is over, the distilling vessel and con- 
denser are removed, and, at E, connection is made with an apparatus 
furnishing dry ammonia gas. The gas is passed into the cold ethereal 
solution of aldehyde to the point of saturation. A beautifully crystal- 
lized compound of aldehyde and ammonia, known as aldehyde-ammonia, 
is deposited. The ether is poured off, and the crystals placed on filter- 
paper. They gradually undergo change in the air, becommg yellow, 
and acquiring a peculiar odor. If the crystals are placed in a fiask and 
treated with dilute sulphuric acid, pure aldehyde passes over, and may 
be condensed by ice-cold water. 

In the process of purification of ordinary alcohol it is filtered 
through charcoal. It is thus partly oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions which pass 
over contain aldehyde, which is obtained on the large scale by 
repeated distillation of these " fi rst runn ings." 

Aldehyde is a colorless liquid, b oiling at 2 1°. It mixes with 
water and alcohol in all proportions. Its odor is marked ana 
characteristic. 
V. From the chemical stand-i^oint, the most characteristic prop- 
erty of aldehyde is its power to unite directly with other sub- 
I stances. I It unites with ox^'gen to form acetic acid ; with 
"*^hydrogen to form alcohol ; with ammonia to form aldehyde- 
ammonia, C2H4O.NH3; with hydrocyanic acid to form alde- 
hyde hydrocyanide, C2H4O.HCN; with the acid sulphites of 
the alkalies forming compounds represented by the formulas 
C1JH4O.HKSO8 and CgH^O.HNaSOa ; and with other substances. 
Incieed, if left to itself, it readily changes into polymeric modi- 
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fications, nniting with itself to form more complex bodies, 
paraldehyde and metaldehyde. 

Par§Jjdehyde, OeHiaOa. — This is formed by adding a few 
drops of concentrated sulphuric acid to aldehyde, which causes 
the liquid to become hot. On cooling to 0°, the paraldehyde 
solidifies in crystalline form. It melts at 10.5°. It dissolves 
in eight times its own volume of water. Boils at 124°. When 
distilled with dilute sulphuric acid, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vapor has 
been found to be 4.583. This leads to the molecular weight 
132.4, and consequently to the formula CgHigOg. It is called a 
polymeric modification of aldehyde. The cause of the peculiar 
action, and the structure of the product are not known. 

Metjjdehyde, (C2H40)x. — Metaldehyde is formed in much 
the same way as paraldehyde, only a low temperature (below 
0°) is most favorable for its formation. It crystallizes in needles, 
which are insoluble in water, and but slightly soluble in alcohol, 
chloroform, and ether in the cold, though more readily at a 
slightly elevated temperature. When heated to 120° in a sea|i8 
tube, it is converted into aldehyde. Hence its vapor density 
cannot be determined, and its molecular weight is unknown. 
It has the same composition as aldehyde and paraldehyde, 
but it is probably more complex than the latter ; that is, its 
molecule is probably made up of a larger number than three 
molecules of aldehyde. Distilled with dilute sulphuric acid, 
etc., it is easily converted into aldehyde. 

r In consequence of the tendency of aldg^gde to unite withN^ / 
oxygen, it is a s trong reducing- ap-en t. When added to an y' 
ammoniacal solution of silver nitrate, metallic silver is deposited 
on the walls of the vessel in the form of a brilliant mirror. 

£xperlinent 15. To a weak aqueous solution of aldehyde, or of 
aldehyde-ammonia, in a test-tube, add a few drops of ammonia and of 
a solution of silver nitrate. Warm gently ; and, when the deposit on 



50 DERIVATIVES OF METHANE AND ETHANE. 

the walls of the tube begins to appear, stop heating. A brilliant mirror 
of vmetalllc silver will appear. This method is used in the manufac- 
ture of mirrors. What becomes of the aldehyde? 

duced from alcohol by oxidation, so alcohol can be formed 
from aldehyde by reduction : — 

CgHeO + O = CsH^O + H2O ; 

C2H4O + H2 = C2H6O. 

By oxidation aldehyde is converted into an acid of the formula 
C2H4O2, which is acetic acid ; and, by reduction, acetic acid is 
converted into aldehj'de : — 

C2H4O + O = C2H A ; 

C2H4O2* + H2 = C2H4O + H2O. 

Treated with phosphorus pentachloride, aldehyde yields ethyU 

\^ idene cJdoride, C2H4CI2 (which see). This reaction is of special 

** V interest and importance, as it helps us to understand the relation 

^ between aldehyde and alcohol. Alcohol, as has been shown, 

".• "I , is the hydroxide of ethyl, C2H5.OH. When oxidized it loses 

. J */ "'^Ko atoms of hydrogen. Is the hydrogen of the hydroxyl 

Sll^^ the two which are given off? If so, what readjustment 

of the oxygen takes place ? Such are the questions which we 

have a right to ask. 

To understand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change is 
represented by the equation 

H2O + PCI5 = POCI3 + 2 HCl. 

Next, the oxichloride, POCI3, is acted upon thus : — 

f 3 H2O + POCI3 = P0(0H)8 + 3 HCl. 

Or, expressing both changes in one equation, we have : — 

4 H2O -j- PCI5 = P0(0H)8 + 5 HCl. 
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The phosphorus pentachloride gives up its chlorine and takes 
up ox3'gen, or oxygen and hydrogen, in its place. This is the 
g eneral tendency of the chlorides of phoap horua. 

Now, when a chloride of phosphorus is brought together with 
an alcohol, the oxygen is replaced b}' chlorine, two atoms of 
the latter for one of the former, thus : — 

C2H5.OH + PCI5 = C2H5CI.CIH + POClg. ^ 

But as hydrox3'l, — O — H, is univalent, its place cannot be*^ 
taken by two atoms of chlorine and one of hydrogen,, and the 
two chlorine atoms have not the power of linking the h^'drogen 
to the ethyl. Hydi'ochloric acid is given off, and a compound is 
formed, which may be regarded as alcohol in which one chlorine 
atom takes the place of the hydroxyl. This is the kind of 
action which takes place whenever a chloride of phosphorus acts 
upon a compound containing hydroxyl ; and we hence make use 
of the reaction for determining whether hydroxyl is or is not 
present in a compound* 

When aldehyde is treated with phosphorus pentachloride, the 
action is entirely different from that just described. Instead of 
a hydrogen and an oxygen atom being replaced by one chlo- 
rine, the oxygen atom alone is replaced by two chlorine atoms : — 

CjH.O + PCI5 = C2H4CI2 + POCI3. 

If the explanation above offered of the action of phosphorus 
pentachloride on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily understand why the 
oxygen atom should be replaced by two chlorine atoms, if it 
is in combination only with carbon as in carbon monoxide, CO. 
There is an essential difference between this kind of combina- 
tion and that which we have in hydroxyl as C — O — H. In 
the latter condition the oxygen serves to connect carbon with 
hydrogen ; in the former it is in combination only with the 
carbon, and, presumably, the force which holds it can also hold 
two atoms of chlorine or of any other univalent element with 
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which it can unite. So that, if oxygen be in a compound in 
the carbon monoxide condition, we would expect it to be re- 
placed by two atoms of chlorine when the compound is treated 
with phosphorus pentachloride. Let R.CO represent any such 
compound ; then we would have : — 

RCO -h PCI5 = R.CCI2 -j- POCI3 ; 

while, when oxygen is present in the hydroxyl condition, we 
have : — 

R.C - O - H + PCI5 = R.CCl + POCI3 + HCl. 

Just as the latter reaction is used to detect the presence of 
hydroxyl oxygen, so the former is used to detect oxygen in the 
other condition, which is commonly known as the carbonyl con- 
dition. 

In terms of the valence hypothesis, it is said that in the 
hydroxyl compounds oxygen is in cpmbination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented by the formula HgC = O. 

O 
II 
Its homologue, acetic aldehyde, is CH3.C — H. The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 

II 
group, C — H, which is called the al dehyde grou p. We do not 

know that the double line in the formula conveys any correct 
idea in regard to the relation between the carbon and oxygen. 
All that we know is that these two elements do occur in two 
different relations to each other, and the formulas C — O — H 
and C = O recall these relations. They are expressions of facts 
established by experiment. . Our notions in regard to these 
relations are largely dependent upon the reactions with the 
chlorides of phosphorus referred to above. 
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^U^hloral, triohloraldehyde, COI3. OHO. — When chlorine 
acts directly upon aldehyde, complicated reactions take place 
which need not be considered here. If, however, water and ( ^ 
calcium carbonate are present, substitution takes place, and » 
tirichloraldehyde is formed. When alcohol is treated with 
chlorine, a double action takes place: 1st. The alcohol is 
changed to aldehyde thus : — 

CHa-CHjOH + CI2 = CHa.COH -f- 2 HCl. 

Then the chlorine acts upon the aldehyde, replacing the three 
hydrogens of the methyl, forming trichloraldehyde : — 

CHa.COH 4- 6 CI = CClg.COH + 3 HCL 

In reality the aldehyde first formed acts upon the alcohol, 
forming an intermediate 'product which is acted upon by the 
chlorine. The chlorine product thus formed breaks up, forming 
chloral. The essential features of the reaction, however, are 
stated in the above equations. Trichloraldehyde is the sub- 
stance commonly known as chloral. It is simply the tri-chlo- 
rine substitution product of aldehyde. It has all the general 

properties of aldehyde, and the conclusion is therefore justified 

O 

II 
that it contains the aldehyde group — CH. 

Chloral is a colorless liquid, which boils at 94®, and has the 

specific gravity 1.5. 

Note for Student. — Give the formulas of compounds formed 
when chloral is brought together with ammonia, hydrocyanic acid, and 
the acid sulphites of the alkalies. What is the formula of the acid 
formed by its oxidation? The answer is given in the statement that 
the general chemical conduct of chloral is the same as that of aldehyde. 

When chloral and water are brought together, they unite to 
form a crystallized compound, chloral hydrate^ ^^flGlfi + H2O, 
which is easily soluble in water, and crystallizes from the solu- 
tion in beautiful, colorless, monoclinic prisms. It melts at 46°. 
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Taken internally in doses of from 1.5 to 5*, it produces sleep. 
In larger doses it acts as an anaesthetic. 

When treated with an alkali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 

CCI3.COH + KOH = CHClg + KCHO2. 

Chloral. Onloroform. Potassium 

/ formate. 

This reaction, taken together with those which give chloral 
from alcohol, enables us to understand the reaction which is 
used in making chloroform and iodoform. 

Note for Student. — How is chloroform made? How may the 
method be explained? Answer the same questions for iodoform. The 
bleaching powder used in preparing chloroform furnishes chlorine. Is 
an alkali present? 

4. Acids. 

When methyl and ethyl alcohols are oxidized, they are con- 
verted first into aldeh^'des, and then the aldehydes take up 
oxygen and are converted into acids. The relations ifi compo- 
sition between the hj'drocarbons, alcohols, aldehydes, and acids 
are shown in the subjoined table : — 



Hydrocarbons. 


Alcohols. 


Aldehydes. 


Acids. 


CH4 


CH4O 


CH2O 


CHA 


C2H6 


CjH,0 


C2H4O 


C2H402 


etc. 


etc. 


etc. 


etc. 



The two acids whose formulas are here given are the well- 
known substances, formic and acetic acids. 

Fonnio acid, CH2O2. — This acid occurs in nature in red 
ants, in stinging nettles, in the shoots of some of ^ the varieties 
of pine, and elsewhere. 

It may be prepared by distilling red ants, but is best prepared 
by heating oxalic acid with glycerin. Oxalic a^id has the 
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compoeltion represented by the fonnula C2H2O4. When heated I 
in glycerin, the effect is to break it up into carbon dioxide and 
formic acid: — 

C2H2O4 = CO2 + CH2O2. 

The formic acid distils over, and may be condensed. 



/ 30( 
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Experiment 16. Into a flask of 500 to 600<:c capacity put 200 to 
300<« anhydrous glycerin, and then add 30 to 40k crystallized oxalic 
acid. Connect the flask with a condenser, and insert a thermometer 
through the cork so that the bulb is below the surface of the glycerin. 
Heat gently. When the temperature reaches 76° to 90°, carhon dioxide 
will be given off. Dilute formic acid then distils over. When the 
evolution of carbon dioxide stops, add another portion of crystallized 
oxalic acid, and heat again. This operation may be repeated a num- 
ber of times without renewing the glycerin; but, when about 1008 of 
oxalic acid have been decomposed, enough formic acid for the purpose 
will have been formed. Dilute the distillate to about half a litre, and, 
while gently warming it in an evaporating dish, add freshly precipi- 
tated and washed copper oxide in small quantities until no more is 
dissolved. Then Alter, and evaporate the solution to crystallization. 
The beautiftilly crystallized salt thus obtained is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of special interest : — 

(1) By the action of carbon monoxide upon potassium hy- 
droxide : — 

CO -f KOH = H.CO2K. 

This method may be used for the preparation of formic acid on 
the large scale. Soda-lime acts as well as potassium hydroxide. 

(2) By the action of metallic potassium upon moist carbon '^ 
dioxide (carbonic acid) : — 

2 CO2 + K2 + H2O = HCO2K -t- HCO3K, 
or 2 CO8H2 + K2 = HCO2K + HCOsK + H2O. 
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1/ (3) By treatment of a solution of ammonium carbonate with 

/ sodium amalgam : — 

COaCNHOa + 2 H = HCOaCNHO + HgO + NH3, 
and HC02(NH4) + NaOH = HCOaNa + NHg + H2O. 

According to these last two methods formic acid appears as a 
reduction product of carbonic acid formed by the abstraction of 
one atom of oxygen : — 

H2CO3 = H2CO2 + O. 

\j It is extremely important to bear this fact in mind, as it is of 

o great assistance in enabling us to understand the relation exist- 

\jiV ing between the two acids, and between them and all other acids 

c/ of carbon. It will be shown that a ll the ac^j t^s of parhnn may 

Mf f be rpgg^rripfl flg fiprivi^t.jYf)fi of f^it>»*^*- ^^^mJfL acid or carbonic 

(4) When hydrocyanic acid is left in the presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : - — 

HCN + 2 H2O = H2CO2 4- NHg. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this alkali is 
formed. A reaction similar to this is used very extefisively in the 
preparation of the acids of carbon^ as will be shown. 

Anhydrous formic acid may be made by dehydrating either 
the copper or lead salt, and passing dry hydrogen sulphide over 
the salt placed in a heated tube. The acid distils over, and 
may be obtained perfectly pure by placing a little of the anhy- 
drous salt in it and redistilling. 

It is a colorless liquid which boils at 99.9®. It has a pene- 
trating odor. Dropped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22. When 
cooled down it solidifies to a mass of crystals which meU at 8.6°. 
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Concentrated sulphuric acid decomposes it into carbon mon- 
oxide and water : — 

H2CO2 = CO + H2O. 



It is easily oxidized to carbonic acid. Hence it 
rp^nninpr a^^^y^jj- Heated with the oxides of mercury or silver, 
they are reduced to the metallic condition : — 

HgO + H2CO2 = Hg + H2O + CO2. 

Like other acids, formic acid yields a large number of salts with 
bases, and ethereal salts or compound ethers with the alcohols. 
These derivatives need not be considered here. The s alts a re 
all soluble in water , and some of them, as the lead, copper, and 
banum salts, crystallize very well. Some of the compound 
ethers will be mentioned when these substances are considered 
as a class« 

Acetic acid, C2Hi02. — The two methods by which acetic 
acid is exclusively made are, — 

(1) By the^ oxidation of alcohol ; and 

(2) By the distiQation of wood* 

When pure alcohol is exposed to the air it undergoes no 
change. If, however, some platinum black be placed in it, 
oxidation takes place and' acetic acid is formed. So also if 
fermented liquors which contain nitrogenous substances be 
exposed to the air, oxidation takes place, and the liquor becomes ' 
sour in consequence of the formation of acetic acid. A great (1 v'~ 
deal of acetic acid is made by exposing poor wine to the action 
of_flifiLtair. .The product is known as wine vinegar. The for- 
mation of vinegar has been shown to be due to the presence of 
a microscopic organism {Mycoderma aceti) commonly known as 
" mother-of- vinegar." This serves in some way to convey the 
oxygen from the aii* to the alcohol. The " qilick-vinegar 
p rgee ss," much used in the manufacture of vinegar, consists in 
allowing weak spirits of wine to pass slowly through barrels 
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filled with beech shavings which have become covered with 
Mycoderma aceti. The presence of the organism is secured by 
first pouring strong vinegar into the barrels, and allowing it to 
stand for one or two da^s in contact with the shavings. 

When wood is distilled, a very complex mixture passes over, 
one of the constituents being acetic acid. By ke eping the te m- 
perature down comparatiyely low, the amount of .acfitic acid 
obtained is increased. The distillate is neutralized with soda 
ash, and, the solution of crude sodium acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid passes over. 

Besides the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific stand-point, both are of great interest. 
They are, — 

(1) By treating carbon dioxide with a compound known 
as sodium-methyl, which may be regarded as mai*sh gas, in 
which one hydrogen is replaced by sodium as shown in the 
formula CHsNa. 

CO2 + CHgNa = CHs.COaNa. 

(2) By treating methyl cyanide, CHgCN, with an acid or an 

alkali * ^—' 

' CHgCN -f 2 H2O = CHs.COjH + NH3. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 56). 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by distillation. When cooled down to a 
sufficiently low temperature it solidifies, and the water may 
then partly be poured off. By repeating the freezing, and 
distilling a few times, perfectly pure, anhydi^ons acetic acid 
may be obtained. 
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Experiment 17. Make pnre acetic acid from the commercial sub- 
stance. First distil in fractions until a portion is obtained that boils 
between 110° and 119°. Put the vessel containing this in ice. The 
liquid will solidify almost completely. Pour off the little liquid which 
remains, and distil. 

Acetic acid is a clear, colorless liquid, which boils at 119°. 
It has a very penetrating, pleasant, acid odor, and a sharp acid 
taste. The pure substance acts upon the skin like formic add, 
causing pain and raising blisters. It solidifies when cooled down, 
and the crystals melt at 16.7®. The pure acid which is solid at 
temperatures below 16° is known as alq^dac g^ic acid . Its speci- 
fic gravity is 1.08 at 0°. It mixes with water in all proportions-. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar. Formic acid would answer perhaps as^yu^- 
well. It is used in calico printing in the foi-m of iron and alu- ^'^^ 
minium salts. With iron it gives hydrogen, which is needed in 
the manufacture of certain compounds used in making dyes, a^^ 
for example, aniline. It is an excellent solvent for many 
organic substances, and is therefore frequently used in sci- 
entific researches* 

n firimathieR of orM JA a/^A, Acetic acid yields a very large 
number of derivatives. They may be considered briefly under 
two heads : (1) Those which are fprmed in consequence of the 
acid properties and which necessitate a loss of the acid proper- 
ties, as the salts, ethereal salts, etc. ; and (2) those in which 
the acid properties remain unchanged. 

Salts of acetic a^id. The acetates of the alkalies were the 
first compounds of carbon ever prepared. The potassium and 
sodium salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate, (C2H302)2Pb. This salt, which is commonly 
known as suga^^^Mead, is made on the large scale by dissolv- 
ing lead oxm^^^ceuc acid. It crystallizes well, and is solu- 
ble in 1.5 parts of water at ordinary temperatures. Commer- 
cial sugar of lead frequently contains an excess of lead oxide in 
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the form of basic salts. A solution of such a mixture becomes 
turbid when allowed to stand in the air, or gives a precipitate 
when dissolved in ordinary' spring water, in consequence of the 
formation of lead carbonate. 

Copper acetate^ {QJS.jd^jCxx. This salt may be made by 
dissolving copper hydroxide or carb<3^nate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A basic acetate, 
formed by the action of acetic acid on copper in the air, is 
known as verdigris. 

Copper aceto-arsenitey 3 CUA82O4 + (C2H302)2Cu. This double 
salt is formed by boiling verdigris and arsenic trioxide together 
in water. It has a fine bright-green color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferrous 
salt, (C2H802)2Fe + 4 H2O, and the /cmc salt, (C2H302)6Fe2. 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a ferric salt. At first the solution becomes 
deep-red in color ; but, on boiling, all the iron is precipitated 
as a basic salt. Hence this salt is used for the purpose of sep- 
arating iron from manganese in analytical operationsi 

Experiment 18. To a dilute solution of ferric chloride, contained 
in a small flask, add a little sulphuric acid and a solution of sodium 
acetate. Boil the red solution, and the basic iron salt is precipitated, 
leaving the solution colorless. Filter, and examine the filtrate for iron. 

The ethereal salts will be mentioned briefly when this class 
of bodies is considered. The principal one is etliyl acetate or 
acetic ether, which is formed from acetic acid and ordinary alco- 
hol. When a mixture of these two substances is treated with 
sulphuric acid, the ether is formed and may be recognized by 
its pleasant odor. This fact is taken advantage of for the 
detection of acetic acid. 

^ Experiment 19. To a mixture of about equal parts of acetic acid 
and alcohol, in a test-tube, add a little concentrated sulphuric acid, and 
notice the odor. It is that of ethyl acetate or acetic ether. 
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Acetic anhydride or acetyl oxide, O^HcOa. — This sub- 
aDce, which bears to acetic acid the relation of an anhydride, 
made by abstracting water from the acid. 

2 cjaA = c,HA + H2O. 

^-^ rLike other acids, acetic acid contains hydroxj^l, as will be 

A' /shown below. We may hence represent the acid thus : 

^ IC2H3O.OH. The part C2H3O ia known as acetyl. Now when 

yAi f water is abstracted from the acid, the change takes place as rep- 

^ i resented in this ^quatipn ;^ — 

C2H30».OH i _ O2H3O 1 n _L TT n 

Hence, according to tnis,' acetic anhydride appears as the oxide 
of acetyl, while the acid itself is the hydroxide. 

Acetic anhydride is a colorless liquid which boils at 138°. 
With water it gives acetic acid. 



Vo\ 




Acetyl chloride, O2H3OCI. ■) Just as alcohol, when 
Acetyl bromide, CaHsOBr. >■ treated with phosphorus tri- 
Acetyl iodide, CzHsOI. J chloride, yields a chloride of 
ethyl, so acetic acid, when treated with the same reagent, yields 
acetyl chloride. The character of the reaction is the same in 
both cases. It consists in the replacement of hydroxy 1 by 
chlorine. 

3 CaHgO.OH + PCI3 = 3 C2H3OCI -f P(OH)g. 

Ac#tyl chloride. 

" Bxperiment 20. Arrange a dry dlsiilliDg flask, with condenser and 
dry receiver, under a hood or out of doors. Bring together 9 parts 
Csay 1808) strong acetic acid and 6 parts (say 120k) phosphorus tri- 
chloride. Slightly heat the mixture on the water-bath, when acetyl 
chloride will distil over. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 55°. 
Water acts upon it very readil}', acetic and hydrochloric acids 
being formed : — 

C2H3OCI -f HoO = C2H3O.OH -h HCl. 
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In this case the chlorine is replad^d by hydroxyl. As the sub- 
stance is volatile, it fumes in contact with the air in consequence 
of the formation of hydrochloric acid. It must be kept in 
tightly-stoppered bottles. In handling it, care must be taken 
not to bring it near the nose, s», its odor is very suffocating, and 
it attacks the mucous membranes of the eyes and nose, produc- 
ing coughing and other bad results. 

Acetyl chloride is a valuable reageji.t much used in the exam- 
ination of compounds of carbon. Its valu& y depends upon its 
action towards alcohols. When it is brought together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrc^en 
of the alcoholic hydroxyl : — 

CHs.OH -f- C2H3OCI = CHs.O.CgHsO + HCl. 

The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a substance with acetyl chloride, 
its composition is changed, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the substance contains 
alcoholic hydroxyl. The bromide and iodide resemble the 
hloride very closely. 



Experiment 21. Treat a few cubic centimetres of absolitte alcohol 
with acetyl chloride. Notice the evolution of hydrochloric acid and 
the odor of ethyl acetate% 

SubstituHffn- prodiicts of ac^ ti(L^acid. These bew the same 
relation to acetic acid that the substitution-products of marsh 
gas bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution-products are acid. The 
best known of these products are the chlor-acetic acids which 
are made by treating the acid with chlorine. They are 
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mono 'ChZor- acetic^ di-chlor- acetic^ and trt'CJUor- acetic acids. 
Their formation is represented by the following equations : — 

C2H3O.OH + CI2 = CjjHaClO.OH + HCl ; 
C2H2CIO.OH + CI2 = CaHQjO.OH + HCl ; 
C2HCI2O.OH -h CI2 = CgClsO.OH 4- HCl. 

When treated with nascent hydrogen they are converted 
back into acetic acid. They yield salts, ethereal salts, anhy- 
drides, etc., just the same as acetic acid itself. 

jUdehydeft, and^ ^ Tfftrnrrfryrnnri The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regard to the relation of itB constituents. In the first place 
the presence of hydroxyl is shown by the reaction with phos- 
phorus trichloride. We hence have C2H3O.OH as the formula 
representing this idea. But several questions still remain to be 
answered. There is another oxygen atom to be accounted for ; 
and the relations between the hydroxyl and this oxygen must 
be determined if possible. The fact that this second oxygen 
is not readily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
fail to show its presence in acetyl chloride. Hence we may 
conclude that the second oxygen atom is present as carbonyl 

O 
II 
CO. This leads us to the formula H — C — O — H for the simplest 

acid, or formic acid. Accordingly, formic acid appears as 

carbonic acid, which we commonly represent by the formula 

O = C \ 9 in which one hydroxyl has been reduced to hydrogen. 

We have already seen that this reduction can be accomplished 
without diflSculty. Many other arguments might be brought 
forward in favor of the view that the above formulas express 
the relations between formic and carbonic acids. Now, as 
acetic acid is the homologue of formic acid, we have every 
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reason to believe that it differs from the latter in that it con- 
tains methyl in place of the hydrogen, which is in direct com- 
bination with carbon. It must hence be represented by the 
O 



II 
formula CH..C-OH or CO 



/CH 



\ 

O 

II 



^ The common constituent of 



OH 



the two acids, is the group C— — H or — CO.OH, which is gener- 
ally known as carhoxyl. Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 

acid, CO V ' ^^ which one hydroxy 1 is replaced by the radical 
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OH 



methyl. In a similar way we shall see that all organic acids 
may be regarded as derived either from formic acid or from 
carbonic acid. 

Representing now the simplest hydrocarbon, alcohol, alde- 
hyde, and acid, by the structural formulas deduced from the 
facts, we have 





rH 




rOH 


C^ 


H 
H 


C^ 


H 
H 


'^H 


^H 


Mar 


Bhgas. 


Met! 


tiyl alcohol. 



c 



(O 
H 
H 



C 



O 
OH. 

•^H 



Formic 
aldehyde. 



Formic acid. 



i 



Concerning the mechanism of the changes caused by oxida- 
tion, but little can be determined by experiment. We may 
regard methyl alcohol as the first and simplest product of 
oxidation of marsh gas. Starting with methyl alcohol, we 

might expect the next change to consist in the introduction 

r OH 

of another oxygen atom, giving a body c J ^^. But it ap- 

^H 
pears to be a law that, except under certain peculiar conditions, 
one carbon atom cannot hold two hydroxy Is in combination, 




water ; thus, C -j tt = C 
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and that, if such^(^body is formed, it loses the elements of 

O 

H+H^O. The result would be the 

aldehyde. This kinid of change is illustrated in the formation 

of carbon dioxide fr<^ni the salts of carbonic acid. Instead of 

' OH 
getting the acid CO <t ^„, which we would naturally expect, we 

get this minus water : — 

(JJuL 

Now, when the aldehyde is oxidized, another oxygen atom is 

introduced, and the substance thus produced is an acid, or the 

hydroxyl hydrogen can be replaced by metals, and has in general 

the characteristics of acid hydrogen. As soon as we have car-l 

bon in combination with oxygen as carbonyl, and also with) 

hydroxyl, the substance containing the combination is an acid. ( 

/O 

If, finally, the acid C \ OH be oxidized, it is probable that the 

(H 
same change takes place as when the alcohol is oxidized. That 

is to say, the hydrogen is probably replaced by hydroxyl, when 
a compound containing two hydroxyls in combination with one 
carbon atom would be the result. This would be ordinary car- 
bonic acid. But this breaks up into water and carbon dioxide, 
which, as we know, are the products of oxidation of formic 
acid. 

All the many representatives of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the three fundamental substances, methyl 
alcohol, formic aldehyde, and formic acid. Replace one of 
the hydrogen atoms of metliyl alcohol by a radical, and we get a 

r OH 

H 
new alcohol, which may be represented by the formula C •{ -g • 

So also a similar replacement of a hydrogen atom in formic 
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aldehyde gives another aldehyde, C J H ; and, finally, as we have 



jCJh; 
Ir 



seen, the acids of carbon may be represented by the formulas 
/O 

C ) OH, or R.CO.OH, or CO < ^ , which show then- relations to 
U OH' 

formic and carbonic acids. Hereafter, in writing the formulas 
of members of the three great classes, the structure will be repre- 
sented by writing the hydroxy!, group OH, the aldehyde group 
CHO, and the carboxyl group \C0. OH or CO2H, separately 
from the rest of the formula. 

jSc 5. Ethereal Salts or Compound Ethers. 

Whenever an acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salts is 
formed. Thus nitric acid and ethyl alcohol give ethyl nitrate : — 

C2H5.OH + HNOs = C2H5.NO8 -h H2O, 

just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CHg, 
and ethyl, C2H5, take the part of metals in the ethereal salts. 
We may thus get a series of methyl and ethyl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as 'readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulphuric acids, 
though even the latter is not completely neutralized by action 
upon alcohols, as has already been seen in the preparation of 

C H 

ethyl-sulphuric acid, '^ ^ > SO^, for the purpose of making ether. 

Plainly ethyl-sulphuric acid is an acid ethereal salt, analogous 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 
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The methods which may be used for preparing ethereal salts 
are the following : — 

(1) Treatment of an acid with an alcohol. This is capable 
of only very limited application, as in the case of a few of the 
strongest acids% 

(2) Treatment of the chloride of an acid with alcohol. This 
has been illustrated by the action of acetyl chloride, C2H3O.CI, 
upon methyl alcohol (see p. 62) : — 

CjPgOCl + HO.CHs = CaHsO.OCHs + HCl, 
or CH3.COCI + HO.CH3 = CH3.COOCH3 + HCl. 

(3) Treatment of the silver salt of an acid with a halogen 
substitution-product of a hydrocarbon. For example, ethyl 
acetate may be made by treating silver acetate with brom- 
ethane : — 

CH3.C00Ag + CaHjBr = CH3COOC0H5 + AgBr. 

This reaction is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for doubt that 
the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate hj this method was illustrated in Experi- 
ment 19, p. 60. The sulphuric acid facilitates the action by 
uniting with the alcohol to form ethj'l-sulphuric acid, which with 
the acid gives the ethereal salt : — 

^2jJfi>S04 + CH3.COOH = CH3.COOC2H5 + H2SO4. 

The action of the hydrochloric acid is not understood. It is 
possible, that it acts upon the acids forming the chloride, and 
that this then acts upon the alcohol, forming the ethereal 
salt: — 

CHs.COOH + HCl = CH3.COCI -t- H2O ; 

CHs.COCl + C2H5OH = CH3.COOC2H, -h HCL 
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Among the more important ethereal salts of methyl and ethjl 
alcohols, the following may be mentioned : — 

Methyl-sulphuric acid, ^>S04, formed by mixing 

methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Ethyl nitrate, O2H5NO3, formed by treating alcohol with 
nitric acid. Unless precautions are taken in mixing these 
reagents, complete decoi^osraon of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Ethyl-sulphuric acid, '^=*>S04. Made in the same way 

as the methyl compound. The acid and its salts are easily sol- 
uble in water. When boiled with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

^^JJ* > SO4 -h H2O = H2SO4 + C2H5OH. 

XX 

Ethyl sulphate, (02^5)2804, is made by passing the vapor 
of sulphur trioxide into well-cooled ether : — 

Phosphoric acid yields ethyl phosphate^ (C2H5)gP04, di-ethyl-phos^ 
pkoric add, (C2H5)2HP04, and ethyl-phosphoric add, C2H5H2PO4. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. 

Of the ethereal salts which the two alcohols form with formic 
and acetic acids, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been considered. 
They are both liquids having pl^ngiyjilyQiJyo. This is indeed a 
characteristic of many of the volatile ethereal salts of the acids 
of carbon, and many of the odors of fruits and flowers are due 
to the presence of one or another of these compounds. Many 
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of them also are used for flavoring purposes instead of the 
natural substances. 

Experiment 22. Make a mixture of 15 pai*ts (150s) of ordinary 
concentrated sulphuric acid and 6 parts (608) absolute alcohol. Add 
to it 10 parts (lOOe) sodium acetate. Distil from a flask. Redistil 
the distillate. The ethyl acetate tlius formed boils at 77°. Wliat 
reactions take place in this case? 

\^*^ D ecomposition of^^h^tBa L-saJls. Salts of most metals are 
decomposed when treated T^ith an alkaline hydroxide, as caustic 
soda or caustic potash, the. result being a salt of the alkali and 
the hydroxide of the replHced metal, as seen in the case of 
copper sulphate and sodiumi hj'droxide : — 

CUSO4 + 2 NaOa = Cu(0H)2 + Na,S04. 

So also the ethereal salts are decomposed when treated with the 
alkalies, though, as a rule, tiot as readily as salts. It is usually 
necessary to boil the ethei^eal salt with the alkali when decom- 
position takes place, the radical, like the metal, appearing in 
the form of the hydroxide <>r alcohol, and the alkali metal taking 
its place. Thus, when ethyl sulphate is treated with a solution 
of caustic potash, this reaction takes place : — 

(CiU,)S04^ + 2 KOH = K2SO4 + 2 C2H5.OH ; 

and when ethyl acetate is treated with caustic soda, we have this 
reaction : — ] 

CH3.COOC2H5 -f NaOH = CHg.COONa -h C2H5OH. 

fixperlmeiit 23. In a 500<» flask put 200<'<' water, 50k solid 
caustic potash, and 20<» etli^l acetate. Connect with an inverted con- 
denser, arranged as showi in Fig. 8. Boil gently for half an hour. 
Now connect the condense^ with the flask for distilling, and again boil.. 
Examine the distillate foi| alcohol. Acidify the contents of the flask, 
with sulphuric acid, and again distil. What passes over? 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on the large scale 
in the preparation of soaps, it is commonly called saponijicdtidn, ' 
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As will be ebown, tbe fata are etbere&l salts, and soap-making 
consists in decomposing these fats by means of the alkalies. 
Hence, generally, to saponify an ethereal salt means to decom- 
pose it by meanB of an alkali into the corresponding alcohol and 
the alkali salt of the acid contained in it. 



6. Ke^tones or Acetones. 

When an acetat« is distiUetl, a liquid passes over which has 

the composition CgHgO, and a carbonate remains behind. The 

reaction has been carefully studied, and has been shown to take 

place in accordance with the following eipiution : ~ 

The substance C«H«0 is knownl as acetone. It is the best 
known representative of a class of bodies, which are sometimes 
called acetones, but more commonly ketones. 

Aoetone, CiHgO. — This substance has lopg been known as 
a product of the distillation of acetates, as above stated. It is 
contained in large quantities i^ the product obtained in the 
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distillation of wood, and may be separated firom the mixture 
after the removal of the acetic acid. 

It may be purified by shaking a mixture containing it with a 
concentrated solution of j mono-sodium sulphite. It unites with 
the salt, forming a combound analogous to that formed with 
aldehyde. The double Compound may be separated, and when t^-Ay 
distilled with the addition of potassium carbonate acetone passes 
over. 

4 

Acetone is a colorle^ liquid having a penetrating pleasant 
ethereal odor. It boils tit 56.3®. It is a good solvent for many 
carbon compounds, such as resins, fats, etc. 

On studying the conquct of acetone, it soon becomes evident 
that it more closely resembles the aldehydes than any other 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely difl'erently from either. It is not an 
ethereal salt, for on boiling with an alkali it does not yield an 
alcohol nor the salt of an acid. On the other hand, it unites 
with the acid sulphites like the aldehydes. Further, when 
treated with phosphorus pentachloride its oxygen is replaced by 
two chlorine atoms thus : — 

CjftO + PCI5 = CsH^Cla 4- POCI3; 

and when treated with nascent hydrogen, it is converted into a 
substance having alcoholic properties. These facts lead us to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do, and we thus have the formula, C2HeC0. The 
formation from calcium aCTeitate leads further to the belief that 
the group CjHe re«(Hy jponsists of two methyls, as the simplest 
inteipretation of thCiTedction is represented thus : — 

CHgCOO CH3 ^ • 

According to this, acetone is a compound of two methyl groups 
and carbonyl, or it is carbon monoxide whose two available 
affinities have been satisfied by two methyl groups. 



72 DEBIVATIVES OF METHANE .AND ETHANE. 

We may test the correctness of this view by means of synthe- 
ses. If it is correct, it will be seen that acetone is closely 
related to acetyl chloride. It is acetyl chloride in which the 
chlorine has been replaced by methyl : — 

CHs .CO.Cl CHg .CO.CHs. 

Acetyl chloride. Acetone. 

Now, when acetyl chloride is treated with zinc methyl, Zn(CH8)2, 
it yields acetone according to this equation : — 

2 CH3.COCI + Zn(CH3)2 = 2 CH3. CO.CHs + ZnCV 

Further, acetone may ^ be -made by treating carbon monoxide 
with sodium methyl, a direct a^tldition of two methyl groups to 
carbon monoxide being thus effected. The relation between 
acetone and ordinary acetic aldehyde is like that of an ethereal 
salt to its acid ; that is, acetone is aldehyde, CH3.COH, in 
which the hj'drogen has been replaced by methyl, CH3.CO.CH3. 

Like the aldehydes, the acetone has the power of taking up 
other substances, such as the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, etc. This^power is in some waj^on- 
nft<^pr|^wit.hjJ)P rftlflt.imi of thp. o^y^^^Ti to the carbon, which is 
t he s ame in both compounds. Nevertheless^ this condition of 
the oxygen does not always carry with it the same power as 
seen in the case of the acids which also contain carbonyl. 

By reduction with nascent hydrogen, acetone yields an alco- 
hol of the formula CsHgO, known as secondary propyl alcoJiol^ 
which when oxidized yields acetone. In other words, the rela- 
tion between this alcohol and acetone is much the same as that 
between ethyl alcohol and acetic aldehyde. But while the alde- 
hyde by further oxidation yields acetic acid by simply taking 
up one atom of oxygen, acetone is decomposed by oxidizing 
agents, and yields acetic and carbonic acids. Towards oxidiz- 
ing agents, then, acetones (for it will be shown that other 
acetones conduct themselves in the same way) act entirely 
differently from the aldehydes. The alcohol above mentioned 
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as related to acetone is the simplest representative of a class of 
alcohols differing in some respects from the substances com- 
monly called alcohols. 



We have thus considered the most important representatives 
of six classes of oxygen derivatives of the hydrocarbons, and, 
by a study of their chemical conduct and the methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may express 
these relations briefly thus : .The alcohols are the hydroxyl 
derivatives of the hydrocarbobs or the hydroxides of certain 
groups called radicals; the ethers are the oxides of these same 
radicals ; the aldehydes are coi^pounds consisting of carbonyl, 
hydrogen, and a radical ; the amds are compounds of carbonyl, 
hydroxyl, and a radical, or, be|;ter, they are carbonic acid in 
which hydrogen and oxygen, oil hydroxyl, have been replaced 
by a radical ; the ethereal salti are compounds like ordinary 
metallic salts, only they contain^ a radical in the place of the 
metal; and, finally, the ketoneip are aldehydes in which the 
distinctively aldehyde hydrogen ijas been replaced by a radical, 
or they are compounds consisting, of carbonyl and two radicals. 

These ideas are expressed inj formulas thus, R being any 
univalent radical like methyl, CH3, or ethyl, C2H5 : — 

Alcohol .... R-O-H. ' 
Ether R-0— R. : 

Aldehyde. . . . R-C-H. • 

I! 

o 

Acid R-C-O-P. 

II 

O 

Ethereal salt . . Ac— O— R (in which Ac— O— H repre- 
sents any monobasic acid) . 

Ketone .... R— C— R. 

II 
O 



CHAPTER V. 

SULPHUR DERIVATIVES OF METHANE AND 

ETHANE. 

1. Mercaptans. 

The simplest derivatives of methane and ethane containing 
sulphur are the so-called mercaptans or sulphur alcohols. They 
may be made by a method similar to one described under the 
head of Alcohols. When a mono-halogen derivative of a hydro- 
carbon, as brom-methane, CHgBr, is treated with the hydroxide 
of a metal, as silver hydroxide, AgOH, an alcohol is formed : — 

CHsBr + AgOH = CH3OH + AgBr. 

So, also, when a similar halogen derivative is treated with a 
hydrosvlphide instead of a hydroxide^ a compound is obtained 
which we may regard as an alcohol in which the oxygen has 
been replaced by sulphur : — 

CHgBr + KSH = CHsSH + KBr. 

The compound is called a mercaptan, 

Ethyl-mercaptan, C2H5 . SH. — This substance may be pre- 
pared by treating iodo-e thane, C2H5I, with an alcoholic solu- 
tion of potassium hydrosulphide, KSH ; also by distilling a 
mixture of the concentrated solutions of potassium ethylsul- 
phate and potassium hjdrosulphide : — 

C2H5 ^ gQ^ ^ J^gJJ ^ g^^gQ^ ^ C2H5SH. 

It is a liquid of an *>vJtr^nnn*>hf Hisjngfofqf^ip^ ^ffe^; it boils at 37° , 
and is diflScultly soluble in water. 



The name "mercapitan" was given to it on account of its' 
action towards me rcur y. It readily forms a compound in which 
mercuiy takes the place of hydrogen, (C2H,S)jHg. The name 
refers to its power of seizing mercury (mercuritis and captans) . 
It forms many other well-characterized metallic derivatives like 
this mercury compound. 

When the sodium compound of mercaptan is exposed to the 
air, it takes up oxygen. So, also, when mercaptan itself is 
treated with nitric acid, it is oxidized, the product having the 
formula C2H5 . SO3H. It will thus be seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
agents it conducts itself quite differently. In the case of alco- 
hol two atoms of hj'drogen are replaced by one of oxygen. In 
the case of mercaptan three atoms of oxygen are added directly 
to the molecule- It will be shown that this new acid, whichTs * 

called ethyl-sulpkonic add, bears to sulphuric acid a relation 
similar to that which acetic acid bears to carbonic acid ; and 
that it bears to sulphurous acid a relation similar to that which ^ 
acetic acid bears to formic acid. 

When treated with phosphorus pentachloride it yields a chlo- 
ride, C2H5.SO2CI ; and, when this is treated with nascent hydro- 
gen (zinc and hydrochloric acid) , it is reduced to mercaptan : — 

Cja^-SOaCl -K6H == C2H5.SH + HCl 4- 2H20, ^^ 

jfUf" rXutAJC^^^^^^ 2. SuLPHufe EtHERS. 

There are compounds known similar to the ethers, containing 
sulphur in the place of the oxygen of the ethers. Such are 
methj'l-sulphide, (CH8)2S, and ethyl-sulphide, (C2H5)2S. These 
are made by treating brom- or iodo-methane or ethane with 
potassium sulphide : — 

2 C2H5I + K2S = (C2H5)2S + 2 KI. 
They are liquids of very disagreeable odors. 
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3. SuLi»HONic Acids. 

It was stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula C2H5.SO8H, or ethyl-sul- 
phonic add. This is the representative of a large class of sub- 
stances which are commonly made by treating carbon compounds 
with sulplmric acid. These sulphonic acids can best be studied 
In connection with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown that, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus : — 

C,H. + HQ > SO, = ^* > SO, + H,0., 

Benzene. Benzene-sulphonic acid. 

The sulphonic acid thus obtained may also be made by oxi- 
lizing the corresponding mercaptan or hydrosulphide, CeHg. SH. 
A-ccordingl}', the sulphonic acid appears to be sulphuric acid in 
jv^hich a hydroxj'l has been replaced by the radical C6H5. Rea- 
soning by analogy, which, fortunately, is supported by other 
Arguments, we may conclude that ethyl-sulphonic acid formed 
from ethyl-mercaptan bears a similar relation to sulphuric acid, 

C H 
find corresponds to the formula ^ ^>S02. So, also, methyl- 

.^ulphonic acid obtained by oxidation of methyl-mercaptan 

*> CH 

should be represented by the forHrala J'>iOj'or CHg.SO-CH; 

Its relation to sulphuric acid is the same as that of ^acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids may be prepared 
consists in treating a sulphite with a halogen substitution-product. 
Thus ethyl-sulphonic acid may be prepared from potassium sul- 
phite and iodo-ethane : — 

C,HJ+ ^ > SOa = ^^» > SOs + KI, 




c 7 
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According to this reaction the sulphonic acids would appear to 
be identical with the ethereal salts of sulphui'ous acid, but they 
do not conduct themselves like ethereal salts. The difference 
is pai-ticularly noticeable in connection with the stabilfty, the 
sulphonic acids as a class being much more stabl e than the 
ethereal salts as a class. At present it would be somewhat 
premature to discuss fully the question as to their relations. 
Whatever we may call them, they are closely Telated to sulphu- 
rous acid, and are derived from it by replacement of hydro- 
gen by a radical, just as acetic acid may be regarded as derived 
from formic acid by replacement of hydrogen by a radical. 
These relations may be represented by the following form- 
ulas : — 

Carbonic acid, CO < . Sulphuric acid, SOg < . 

OH OH 

H H 

Formic acid, CO < . Sulphurous acid, SO2 < . 

Acetic acid, CO < ^\ Methyl-sulphonic acid , SOg < ^\ 

Any carbonic ) ^^ R ^ sulphonic acid, SO^ < ^ . 

acid, ) OH ^ ^ ' ' OH 

The difference between a sulphonic acid and an ethereal salt of 
sulphuric acid should be specially noticed. Compare for this 

C H O 

purpose ethyl-sulphuric acid, * ^ > SO2, and ethyl-sulphonic 

C H 
acid, ^^ > SOg. Both are monobasic acids, and both contain 

HO 

ethyl, but there is a .difference of one atom of oxygen in their 
composition. The reactions of the substances are such as to 
lead to the conclusion that in ethyl-sulphonic acid the ethyl 
group is directly connected with the sulphur ; whereas, that in 
ethyl-sulphuric acid the connection is established by means of 
oxygen. The strongest argument in favor of this view is 
perhaps that which is founded on the formation of the sulphonic 
acids by oxidation of the hydrosulphides or mercaptans. It 
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can hardly be doubted that in ethyl mercaptan the Bulphur is in 
direct combination with the ethyl ; or, to go stiU farther, that 
it is in combination with carbon as represented in the formula 

HjC — C — S — H. Now, by oxidation of mercaptan, three atoms 
H 

of oxygen are added, and the simplest view we can take of the 
reaction is that the sulphur is left undisturbed in its relations to 
ethyl, but that it has taken up the oxygen, as represented in the 
formula C2H5— SO2.OH. As has been shown, the oxygen can 
be removed again by nascent hydrogen, and the result is mer- 
captan. The study of the sul phonic acids in their relations to 
sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the* 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydrogen atom in place of hj^droxyl, as represented 

OH H 

in the formulas S0« < ^„ and S0„ < ^„ ; and, further, that in 

UH OH 

sulphurous acid one hydrogen is in combination with sulphur 
and the other with oxygen. 



CHAPTER yi* 

NITROGEN DERIVATIVES OF METHANE AND 

ETHANE. 

The simplest compounds of carbon containing nitrogen are 
cyanogen and hydrocj-anic acid. S tyictlv ^p pf^k^jp g^ np ither ca n 
be regarded as a ^erivatpe of a hydrocar bon., unless indeed we 
consider hydrocyanic acid as marsh gas, in which three hydro- 

H 

TT 

gen atoms have been replaced by one nitrogen : C 



-\i- 



jj and 

H 
That, however, is a mere matter of words, as there is 



nothing in the conduct of either substance, or in the methods of 
formation of hydrocyanic acid, that would lead us to suspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are therefore not to be considered as derivatives of the 
hydrocarbons, they form the starting-point for the preparation 
of so many important compounds that they and their simpler 
derivatives must receive some consideration at this stage. 

Cyanogren, (CN)2. — All organic compounds which contain 
nitrogen give sodium cyanide wjien ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyanogen itself 
is most readily made by heating mercuric cyanide, Hg(CN)2. 
The decomposition which takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing oxygen : — 

Hg(CN)2=Hg + (CN)2; 
HgO = Hg H- O. 
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But, in heating mercuric cyanide, a black solid substance, jgofo- 
(p^ann^ ftn. is formed, and remains behind in the retort. It has 
the same composition as cyanogen, and is therefore a polymeric 
modification. 

Cyanogen (from Kva^o?, blue) owes its name to the fact that 
several of its compounds have a blue color. It is a colorless 
gas, which is easily soluble in water and alcohol, and is ex- 
tremely poisonous. It burns with a purple-colored flame. 

In aqueous solution, cyanogen soon undergoes change, and a 
brown amorphous body is deposited. In the solution are found 
hydrocyanic acid, oxalic acid, anuuonia, and carbon dioxide. 
A little dilute acid prevents this decomposition* 

Hydrocyanic acid, HON. — This acid, which is com- 
monly known by the name of prussic acid^ occurs in nature 
in amygdalin, in combination with other substances, in bitter 
almonds, the leaves of the cherry, laurel, etc. It is prepared 
by decomposing metallic cyanides with hydrochloric acid, as 
represented in the equation : — 

KCN + HCl = KCl + HCN. 

It may also be made by treating chloroform with anunonia : — 

CHCI3 -f NH3 = HCN + 3 HCl, 
or CHCI3 + 5 NH3 = NH4.CN + 3 NH4CI. 

It is a v olatile liq uid, boiling at 26.5°, which solidifies at — -W?. 
It has a very characteristic odor, suggesting bitter almonds. It 
is extremely poisonous. It dissolves in water in all proportions, 
and it is such a solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown sub- 
stance is deposited. By boiling with alkalies or acids, it is 
converted into formic acid and ammonia (see p. 56) . 

H3^drocyanic acid may be detected by the fact that when its 

solution is saturated with caustic potash, and a solution contain- 

r^yZ* ing a ferrous and a ferric salt added, a precipitate of Prussian 
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blue is formed ; or, by adding yellow ammonium sulphide to its 
solution, evaporating off the excess of ammonium sulphide, and 
then adding a drop of solution of ferric chloride. If hydrocy- 
anic acid was present, the solution turns a deep blood red. 

Cyanides. — Hydrocyanic, like hydrochloric acid, forms a 
series of salts. They are called the cyanides. The cyanides of 
the alkal^metals and of mercury are soluble in water. The 
cyanides of the heavy metals have a marked tendency to form 
double C3'anides, and those double cyanides which contain an 
alkali metal are soluble in water. Hence, the precipitates 
formed by potassium cyanide, in solutions containing the heavy 
metals, are dissolved by excess of the cyanide. 

Among the best known double cyanides are the two salts, 
potassium ferrocyanide and potassium ferricyanide. The former 
is commonly known as yellow prussiate ofjyotash^ and the latter 
as red prussiate of potash. 

Potassium ferrocyanide, 4 KCN.Pe(CN)2 + 3 H2O.— 
This salt is made on the large scale by melting together, in iron 
vessels, refuse animal substances (i.e., organic matter contain- 
ing nitrogen) with potassium carbonate and iron. The mass is 
treated with water, and the salt which is thus extracted puri- 
fied by crystallization. 

It crystallizes in large yftllQif crv^ tiils. and is soluble in about 
four pails of water at 15°. 

When ignited, it breaks up according to this equation : — 

4 KCN.Fe(CN)2 = 4 KCN + FeCg + Ng. 

This decomposition is made use of for the purpose of preparing 
potassium cyanide. As, however, a portion of the cyanogen is 
lost in this wa}*, potassium carbonate is generally added, when 
the reaction represented by the following equation takes 
place : — 

4KCN.Fe(CN)2 + K2CO3 = 5 KCN + KCNO + CO2 -f- Fe. 
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The potassium cyanide made in this way always necessarily con- 
tains potassium cyanate, KCNO. 

Experiment 24.^ Make a mixture of 8 parts (lOOc) dehydrated 
potassium ferrocyauide and 8 parts (608) dry potassium carbonate. 
Fuse in an iron crucible, at a low red heat, until a specimen taken 
out and placed on a stone is white when solid. Then pour out on a 
flat, smooth stone, and afterwards break up and put in a dry bottle. 

When treated with dilute sulphuric acid, the ferrocyanide 
yields hydrocyanic acid thus : — 

2 [4 KCN.Fe(CN)2] + 3 H^SO* 

= 6 HCN 4- 2 [KCN. FeCCN)^] + 3 Kj^SO*. 

This reaction is the one actually made use of for the prepara- 
tion of hydrocyanic acid. 

Potassium ferrocyanide is the starting-point for the, prepara- 
tion of all compounds containing cyan og en. 

Potassiiim ferrioyanide, 3 KON.PelON),— This salt, 
known as red prussiate of potash, is prepared by oxidizing the 
ferrocyanide. The oxidation is effected most readily by means 

of chlorine. 

/ 

r 

/ Experiment 25. Pass chlorine into a solution of potassium ferro- 

cyanide until the solution ceases to give a precipitate with ferric chlo- 
ride. Then evaporate to crystallization. 

» 

Other oxidizing agents, such as bromine, potassium perman- 
ganate, lead peroxide, etc., effect the same transformation. 
The essential part of the change is that of the ferrous cyanide, 
Fe(CN)2, in the ferrocyanide, to ferric cyanide, Fe(CN)8, which 
is in the ferricyanide. Potassium feiTicyanide is easily soluble 
in water, and crystallizes from its concentrated solutions in 
large, dark-red crystals belonging to the rhombic system. 

In alkaline solutions it is an excellent oxidizing agent. 

1 Experiments 24 and 26 may be poBtponed until urea is considered, when they may 
be combined with the urtiflcial preparation of urea. 
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Redacing agents, such as hydrogen sulphide, sodium thio- 
sulphate (hyposulphite), etc., convert it into the 3'ellow salt. 

Prtjj^fyi^^ue, Tu nfitpjWs blu e, sol nhle j p piaaian hlua. and 
5er^mjTg22 ^^^ complex cyanides of iron represented by the 
formulas 

4Fe(CN)8.3Fe(CN)2, 

3Fe(CN)2.2Fe(CN)8, 
KCN . Fe(CN)3. Fe(CN)3, 
and Fe3(CN)8 + 4 HgO, respectively. 

For a full account of the many compounds of the metals and 
cyanc^en, the student is referred to larger works. 

Cyanogen chlorides. —When chlorine is allowed to act 
upon cyanides or dilute hydrocyanic acid, a volatile liquid is 
formed which has the composition represented by the formula 
CNCl. It boils at 15.5°, and its vapor acts upon the eyes, 
\;ausing tears. It is known as liquid cyanogen chloride to dis- 
tinguish it from solid cyanogen chloride. The latter has the 
formula (CN)3Cl3, and is formed by treating anhydrous hydro- 
cyanic acid with chlorine in direct sunlight. The liquid variety 
is partially transformed into the solid when kept in sealed 
tubes. 

Similar compounds of cyanogen with bromine and iodine are 
known. 

Cyanic acid, CONH. — When a cyanide of an alkali is 
treated with an oxidizing agent, it takes up oxygen and is con- 
verted into a cyanate : — 

CNK H- O = CONK. 

Experiment 26.^ Heat a mixture of 8 parts (1608) dehydrated 
potassium ferrocyanide, and 3 parts (60 k) dry potassium carbonate in an 
iron crucible. When the transformation into the cyanide is complete 
(see Ex. 24, p. 82), take the crucible out of the furnace ; and, after it 

See Kote, p. 82. 
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has cooled down somewhat, but while the mass Is still liquid, add 
gradually 15 parts (3008) red lead, stirring during the operation. Put 
the crucible again in the furnace for a little while ; allow the reduced 
lead to settle, and then pour out the contents on a smooth stone. After 
the mass is cold, break up and extract the cyanate with alcohol (of 86 
per cent). 

Cyanic acid cannot be separated from its salts, as it breaks 
up with water into ammonia and carbon dioxide : — 

CONH + H2O = NH3 + CO2. 

The potassium salt is easily soluble in water, but is easily 
decomposed by it, yielding ammonia and potassium carbon- 
ate: — 

CONK + 2 H2O = KHCOa + NHg. 

The most interesting salt of cyanic acid is aimnonium mumalA . 
CON.NH4. It may be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
but, if allowed to stand in solution, or if its solution be heated, 
it is completely transformed into urea, which is isomeric with it. 
The interest connected with this transformation was referred to 
in the introductory chapter (p. 1). It will be considered more 
fully under the head of urea. 

Cy^nurio acid . OaNsHsOa. — This acid bears a relation to 
cyanic acid similar to that which solid cyanogen chloride, 
(CN)8Cl3, bears to the liquid variety. It is made by treating 
the solid chloride with water, and also by heating urea. It is 
a crystallized substance. 

Siilpho-oyanio acid, CNSH.— Just as the cyanides of the 
alkalies take up ox3'gen and are converted into cyanates, so also 
they take up sulphur and are converted into sulpho-cyanates : — 

CNK + S = CNSK. 

Potassium 
eulpho-cyanate. 
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Kxperiment 27. Melt together in an iron crucible 17 parts (85s) 
dry potassium carbonate and 32 parts (160f) sulphur, and then add 46 
parts (230«) powdered dehydrated potassium ferrocyanide. Keep the 
mass at a low red heat imtil the ferrocyanide is destroyed. After 
cooling, extract with water, neutralize the filtered solution with sul- 
phuric acid, evaporate, and separate from potassium sulphate by means 
of alcohol. 

Potassium sulpho-cyanate crystallizes in long striated prisms 
without water jof^jjrystAUization. Tt is rjgliniK^.gp^ pf- When 
dissolved in water the t emperature sinks marked ly. When 100 
parts of water of 10.8° are mixed with 150 parts of the salt, the 
temperature sinks to — 23.7°. By evaporation of the solution, 
the salt can be recovered. 

experiment 28. Dissolve some potassium sulpho-cyanate in water, 
and note the temperature before and after introducing the salt. 

Ammonium sulpho-cyanate^ CNS.NH^. This salt is most 
easily prepared by treating carbon bisulphide with a solution of 
ammonia in dilute alcohol : — 

CSa + 4NH3 = CNS.NH4 + (NH4)2S. 

Experiment 29. Mix 240<^ strong aqueous ammonia, 240<^ alcohol, 
and 608 carbon bisulphide. Allow the mixture to stand for one or 
more days. Then distil down to oue-third of the original volume, and 
filter while still hot the solution left in the flask. On cooling, ammo- 
nium sulpho-cyauate will crystallize out. 

The salt crystallizes in plates. It melts at 147° (try it), 
and at 170° it is transformed into the isomeric substance known 
as sulpho-urea. (Analogy to transformation of ammonium 
cyanate. 

Having thus considered some of the more important simpler 
cyanogen compounds, we may now return to the nitrogen deriv- 
atives of the hydrocarbons. For convenience, these may be 
divided into three classes : — 

(1) Those which are related to cyanogen; 

(2) Those which are related to ammonia; 

(3) Tliose which are related to nitric add. 
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Cyanides. 

Methyl cyanide, CHa.CN.-— This compound is formed by 
distilling a mixture of potassium methyl-sulphate and potas- 
sium cyanide : — 

^^»>S04 + KCN = KjSO^ + CHsCN. 

It is a li quid boiling at 82°. 

According to the method of preparation, it must be regarded 
as an ethereal salt of h^^drocyanic acid, containing methyl in the 
place of the potassium of the potassium salt. 

Bthyl oyanide, OsHs.ON.— Formed like the methyl com- 
pound. Also by heating chlor-ethane with potassium cya- 
nide : — 

CjHfiCl + KCN = CjP5.CN -f- KCl. 

It is a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) that which is effected bj* caustic alkalies, and (2) that 
effected by nascent hydrogen. 

When methyl cyanide is treated with caustic potash, it yields 
acetic acid and ammonia : — 

CHg.CN -f- H2O -f- KOH = CH3.CO2K H- NHj. 

This reaction is strictly analogous to that which takes place 
with hydrocj'anic acid yielding formic acid (see p. 56). In 
the same way ethyl cyanide yields an acid of the formula 
C8He02 (or C2H5.CO2H) . Thus, by making a cyanide, we have 
it in our power to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an alcohol 
to an acid containing one atom of carbon more than the alcohol 
contains. It has been of great service in the study of the com- 
pounds of carbon. 
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Note for Student. — Show how, by starting with methyl-alcohol, 
acetic acid may be made by passing through the cyanide. 

There are two ways in which we ma}' consider the cyanogen 
group linked to methyl in methyl cyanide; viz., either by the 
carbon atom, as represented in the formula H3C— C— N, or 
by the nitrogen atom, as represented thus, H3C— N— C. The 
eagfrwith which th£jiitro^;gii^i&.fifipa]:aited.£rQm the. compound, 
le aving th e two carbon nfoTn^ tf^gpthprj ^s fihown in the reaction 
with caus tic potash, naturally leads to the conclusion that the 
former view is the correct one. If it is correct, it would appear 
to follow that in potassium cyanide the potassium is in combi- 
nation with carbon as represented in the formula K— C— N, 
and further that in hydrocyanic acid the hydrogen is in combi- 
nation with carbon, as shown thus, H— C— N. 

In consequence of the close relation existing between the 
cyanides and the acids, the former are frequently' spoken of as 
the ngn^ of the acids. Thus methyl cyanide, which is con- 
verted into acetic acid by boiling with caustic potash, is called 
the nitrile of acetic acid, or aceto-nitrile. In the same way 
hydroc3'anic acid itself ma}'^ be regarded as the nitrile of fonnic 
acid, or formo-nitrile. 

When methyl cyanide is treated with nascent hydrogen, it is 
converted into a substance which closely resembles ammonia, 
and is known as ethyl-amine. It will be shown to bear to 

ammonia the relation indicated by the formula N J H ; t.e.,it 

(h 

is ammonia in which one hydrogen has been replaced by ethyl. 
The reaction may be represented by the equation : — 

H3C-C-N + 4 H = HsC-HsC-NHa or N j H 

This transformation strengthens the conclusion already reached, 
that the two carbon atoms in methyl cj-anide are directly united. 
If this were not the case, it is difficult to see how a compound 
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containing ethyl in which the two carbon atoms are unquestion- 
ably united, could be formed so easily from it. 

Just as methyl cyanide yields eth3*l-amine when treated with 

nascent hydrogen, so hydrocyanic acid yields methyl-amine 

/CH, 
n)h : — 

H-C-N + 4H = HaC-NHa or N j H • 

The amines, or substituted ammonias, will be considered more 
full}' hereafter. 

ISOCYANIDES OR CaRBAMINES. 

If, in making an ethereal salt of liydrocyanic acid from a salt, 
th^ilve^alt be used, a compound is obtained liaving the same 
composrao^as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an isocyanide or car- 
hamine. 

Ethyl isocyanide or ethyl carbaniine, O2H5.NO. — This 

compound is obtained when silver cyanide and iodo-ethane are 
heated together : — 

C2H5I + AgjSrC = C2H5NC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
are brought together : — 

CHCls + N J H = C2H5NC + 3 HQ. 

It is a liquid boiling at 5^?"*. It is characterized by an unhear - 
Qbk^ i ndescribable ods m, The methyl compound obtained by 
the same method boils at 58° to 59 °. but otherwise has proper- 
ties almost identical with those of ethyl isocyanide. 
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The reactions of these substances are quite different from 
those of the cyanides. They are decomposed onl3' with great 
difficulty hy the caustic alkaUes ; but, when brought together 
with hydrochloric acid, thej* undergo an interesting change, 
which may be represented by the following equation for the 
methyl compound: — 

CHj.NC + 2H2O = CH3-NH2 + H.CO2H. 

Methyl-amine. Formic acid. 

This reaction indicates that in the isocyanides the cyanogen 
group is united to the radical by means of nitrogen, as repre- 
sented by the formula H3C— N— C. Hence it is, in all proba- 
bility, that when they undergo decomposition the nitrogen 
remains in combination with the radical, while the carbon of 
the cyanogen group passes out of the compound. The conduct 
of ethyl isocyanide is represented by the equation : — 

C2H5.NC + 2H2O = C2H5-NH2 + H.CO2H. 

The reactions of the cyanides and of the isocyanides, and 
the conclusions drawn from them, admirably illustrate the 
methods used in determining the structure of compounds of 
carbon; and they are speciallj' valuable, as the connection 
between the facts and the conclusions, a^expressed in the 
formulas, can be traced so clearly. ^ 

The fact, that the silver salt of hydrocyanic acid yields iso 
cyanides, while the potassium and other salts yield cyanides with 
the halogen derivatives of the hj'drocarbons, leads us to suspect 
that in silver cyanide the metal may be in combination with 
nitrogen and not with carbon. There are other facts known 
which indicate a tendency on the part of silver to unite with 
nitrogen in carbon compounds. It would lead too far to discuss 
this subject here. 

It seems possible that isomeiic salts of cyanogen may be dis- 
covered corresponding to the cyanides of the radicals and to the 
isocyanides. There is no fact known which makes the exist- 
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ence of two potassium cyanides and two silver cjfmides seem 
improbable. The two series of salts would be derivatives 
of hydrocyanic acid, H— C— N, and isohydrocyanic acid, 
H-N--C. 

)^ Experiment 30. The odor of the isocyanides, as has been stated, 
is extremely disagreeable, and in concentrated form it is unbearable. 
A vivid impression in regard to this property may be produced by the 
following experiment. In a test-tube bring together oJktle chloroform, 
aniline, and alcoholic potash. The reaction takes place at once. It is 
better to perform the experiment out-of-doors, and in such a place that 
the tube with its contents can be thrown away without molesting any 
one. The aniline used is a substituted ammonia analogous to methyl- 
amine, containing the radical CgHj in place of methyl. The isocyanide 
formed has the formula CgHg. NC. 



Cyanates and Isocyanates. 

There are two series of compounds bearing to cyanic acid 
much the same relation as that which the cj'anides and isocyan- 
ides bear to hydrocyanic acid. 

In the cjjjmgjg*, which are made by passing cyanogen chloride 
into the alcohols (CH3OH -f- CNCl = CH3OCN +IICI) , the radi- 
cal is believed to be united to the cyanogen group by means of 
oxygen, as reprinted in the fonnula CH3— O— CN. 

In the isocyan^KS (first called cyanates) , on the other hand, 
the radical is believed to be united to the cyanogen by means 
of nitrogen, as represented thus, CH3— N— CO. The isocyan- 
ates are made by distilling potassium cyanate with the potassium 
salt of methyl- or ethyl-sulphuric acid. They may be made also 
by bringing together the iodides of radicals, as iodo-methane 
and silver cyanate. They are very volatile substances, which 
have penetrating and suffocating odors. 

One of the principal reactions of the cyanates is that which 
they undergo with caustic alkalies, hydrochloric acid, etc. They 
yield cyanic acid, and a compound containing the radical ^hich 
they contained. 



r 
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The isocyanates readily yield substituted ammonias, just as 
the isocyanides do : — 

C2H5-N-CO -f H2O = C2H5.NH2 -f CO,; 
CH3 ^N-CO + HjO = CHg.NHa -f COg. 

The views held in regard to the structure of the cyanates and 
isocyanates are based upon these reactions, which, as will be 
observed, are very similar to those more fully considered in 
discussing the difference between the cyanides and isocyanides. 

The existence of two cyanic acids, and of two series of salts 
derived from them, seems probablcii 

SULPHO-CYANATES. 

The ethereal salts of sulphocyanic acid are easily made by 
distilling potassium sulphocyanate and the potassium salt of 
methyl- or ethyl-sulphuric acid : — 

^^'>S04 -I- KSCN = CHsSCN -f- KjSO,. 

The ethyl compound, which is very similar to the methyl com- 
pound, is a liquid boiling at 146**. 

When boiled with nitric acid, it is oxidized to ethyl-sulphonic 
acid.. Now, it has been shown above (see p. 77) y-that in ethyl- 
sulphonic acid the ethyl in all probability is in coi^abination with 
the sulphur. It hence follows that, in the sulphocyanates 
obtained from potassium sulphocyanate, the radical is also 
in combination with sulphur, as indicated in the formula, 
C2H5— S— CN. This view is supported by the fact that ethyl 
sulpho-cyanate readily yields ethyl sulphide as a product of 
decomposition. 

ISO-SULPHO-CYANATES OR MuSTARD-OlLS. 

A number of compounds are known isomeric with the sulpho- 
cyanates. The best-known member of the class is ordinaiy 
mu^tardrM. Hence they have been called rmistard-oHs, and 
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they are known most freqaently by this name. The mnstard- 
oils are roade by means of a series of somewhat complicated 
reactions, which it is rather difficult to interpret without a com- 
parison with some similar reactions which take place between 
simpler substances. 

When dry ammonia and dry carbon dioxide act upon each 
other, so-called anhydrous^mmonium carbonate is formed. This 

is really the ammonium salt of carbamic acid, CO < ^ *. Its 

formation is represented thus : — 

CO. + 2NH, = C0<j;j?L . 

ONH4 

Now, remembering that carbon bisulphide is similar to carbon 
dioxide, and that ethyl-amine is similar to ammonia, we can 
readily understand the reaction which takes place when these 
two substances are brought together : — 

CS, + 2 NHAH5 = CS < NH^2^« ^ . 

SCNHsCjH^) 

The product formed is the ethyl-ammonium salt of the acid 

NHC H 

CS < * *, which may be called ethyl-sulpho-carbamic acid. 
When the ethyl-ammonium salt is treated with silver nitrate, the 

corresponding silver salt, CS < ^ , ^ % is precipitated. And 

SAg 

finally, when this salt is distilled, it breaks up, yielding ethyl 
mustard-oil, silver sulphide, and hydrogen sulphide : — 

2 CS < ^^^'^^' = 2 SC-NQH, + H,S + Ag^S. 

Ethyl mustard-oil is an oily liquid which does not mix with 
water. It has a very penetrating odor, and acts upon the 
mucous membranes of the eyes and nose in the same way as 
ordinary oil of mustard. The properties of the two are so much 
alike that one could be substituted for the other. 
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Some of the arguments have been stated which lead to the 
view that in the sulpho-oyanates the radical is in combination 
with sulphur. Having once accepted this view, we would 
naturally suspect that in the mustard-oils the radical is in com- 
bination with nitrogen, and the question arises whether the 
reactions of these bodies arc of such a character as to justify 
this suspicion? They certainly are. In the first place, when 
heated with water or with hydrochloric acid, ethyl mustard-oil is 
decomposed, yielding ethyUamine^ carbon dioxide, and hydrogen 
sulphide : — 

SC-NC2H5 -I- 2 HjO = C2H5.NH2 4- H2S + CO2. 

And, in the second place, nascent hydrogen converts it into 
ethyl-amine and formic thioaldehyde (i.e., formic aldehyde in 
which the ox3'gen has been replaced by sulphur) : — 

SC-NC2H5 + 4H = C2H5.NH2 + H2CS. 

Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of the radicals like ethyl sulphide, (€2115)28 ; 
the tendency of the iso-sulpho-cyanates is to yield substituted 
ammonias, like ethyl-amine NH2.C2H5. These facts point to 
the relations expressed in the formulas, R— S— CN for the 
sulpho-cyanates, and R— N— CS for the iso-sulpho-cyanates or 
mustard -oils. 

In reviewing now the compounds of the hydrocarbons which 
are related to cyanogen, we see that there are two isomeric 
series of these, the names and general formulas of which are 
given below : — 

Cyanides, R— C— N . . 



Isocyanides or ) Tj^_-j^__p 
Carbamines, J 



Cyanates, R— O— CN . . . Isoc3'anates, R— N— CO. 

Sulpho-cyanates, R—S—CN . Iso-sulpho-cyan- 
ates or Mus- 5- R— N— CS. 
tard oils, 
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Note for Student. — Study these compounds until the exact con- 
nection between the formulas and the facts above stated is clearly 
seen. 

Substituted Ammonias. 

When brom-ethane or any similar substitution-product is 
treated with ammonia, the reactions represented by the follow- 
ing equations take place step by step : — 

CHsBr -h NHs = NHaCCaHj) . HBr ; 

CaH^Br + NH^CCzH^) = NH(C2H5)J.HBr ; 
CjH^Br + NHCCaHs)^ = N(C2H3)3.HBr ; 
CgH^Br -h N(CjH,)3 = N(C2H,)^r. 

The first three products are salts of hydrobromic acid, and 
substances which in all their properties very closely resemble 
ammonia. When these salts are distilled with potassium 
hj'droxide they are decomposed, ^ust as ammonium bromide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds ethyUamine^ NHg . C2H5, di-ethyU 
amine ^ NH (€2115)2, and tri-ethyl-amine, N (€2115)8. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of the h3'drogen atoms 
respectively by ethyl. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NH4Br, in which all four hydrogen atoms are replaced by ethyl 
groups. 

The decomposition by potassium hydroxide of the first two 
salts is represented thus : — 

NH2(€2H5).HBr -f- KOH = NH2(€2H5) + KBr -f- UjO ; 
NH(€2H5)2.HBr -f KOH = NH(€2H5)2 + KBr + HjO. 

Methyl-axnine, NHj.CHa. — This compound may be pre- 
pared by treating iodo-methane ^ith amihonia : — 

OHgl + NHs = NH2€H3.HI. 
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It was first made by treating methyl isocyanate, CH3— N— CO, 
with caustic potash : — 

CH3-N-CO + H2O = NH2.CH3 4- COj. 

It has been stated that it is formed by treating hydrocyanic 
acid with nascent hydrogen : — 

HCN + 4H = NH^.CHg. 

It occurs in nature in ^xnJIlff ^^"^ and is one of the products 
of the distillation of animal matter as well as of wood. It is 
now prepared on the large scale from certain waste products ^^** 
obtained in the refining of beet sugar (see Tri-methyl-amine) . 

Methyl-amine is a gas which is easily condensed to a liquid. 
It smells like ammonia. It is, like ammonia, extremely easily 
soluble in water, 1 volume of water at 12.5° taking up 1150 
volumes of the gas. This solution acts almost exactly like a 
solution of ammonia in water. It is strongly alkaline. It pre- 
cipitates the metaUic hydroxides, but, unlike ammonia, it does 
not redissolve precipitated hydroxides of nickel, cobalt, and 
cadmium when added in excess. Like ammonia, it dissolves 
aluminium hydroxide. , 

Methyl-amine forms salts with acids in the same way that 
ammonia does ; that is, by direct addition. The action towards 
nitric and sulphuric acids takes place in accordance with the 
following equations : — 

NHjCHs + HNO3 = NHgCHs.NOs; 
2 NH2CH3 -f- H2SO4 = (NH3CH3)2S04. 

These salts are called methyl-ammonium nitrate and methyl- 
anunonium sulphate respectively. 

Di-methyl-amine, NH(OH3)2. — This is formed by heating 
lodo-methane with alcoholic ammonia : — 

2 CHjI -f 2 NHs = NH(CH3)2.HI -f NH^I. 
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It is formed, together with methyl-amine, as a product of the 
distillation of woo<l. 

It is a gas which condenses to a liquid at + 8°. Its proper- 
ties are much like those of methj^-amiue. 

Tri-methyl-cunine, N(OH3)3. — Tri-methyl-amine is formed 
as one of the products of the treatment of iodo-methanc with 
ammonia. It occurs wideh' distributed iQ_j2a,^*e, as in the 
blo^oms of the hawthorn, the wild cherry, and the pear. It 
is contained in her ring bri ne, and is a common product of the 
decomposition of organic substances which contain nitrogen. I^ 
is now o\)tained in large quantities from the so-called *' vin- 
asses ." These are the waste liquids obtained in the refining of 
beet sugar. When the " vinasses" are evaijorated to dryness, 
tri-methyl-amine is given off among the volatile products. It is 
collected as the hydrochloric acid salt, N(CH3)8.HC1, which, 
when heated to 260°, yields ammonia, tri-methyl-amine, and 
chlor-methane : — 

3 N(CH3)3.HC1 •= 2 N(CH3)3 -f- NHg -|- 3 CHsCl. 

The chlor-methane is utilized for the purpose of producing low 
temperatures. 

Tri-methyl-amine is a liquid boiUng at 9° to 10°. It has a 
strong ammoniacal and fishy odor. It is very soluble in water 
and alcohol, and is a strong base. It is used in the prepara- 
tion of potassium carbonate, by the Solvay process. In making 
sodium carbonate from the chloride by this method, acid anmio- 
nium carbonate is brought together with the chloride. Thus 
mono-sodium carbonate is precipitated, and anmionium chloride 
is left in solution. But mono-potassium carbonate and ammo- 
nium chloride are about equally soluble, so that potassium car- 
bonate cannot be prepared in the same way. On the other 
hand, if tri-methyl-amine be substituted for ammonia, the sepa- 
ration can be effected, inasmuch as tri-methyl-ammonium chlo- 
ride is more soluble than ammonium chloride. 
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• 

Note for Studeio'. — Write the equations representing the reac- 
tions involved in making potassium carbonate from potassium chloride 
by means of tri-methyl-amine. 

The ethyl-amines are very much like the methyl compounds, 
and hence need not be specially described- 

When tri-ethyl-amine is brought together with iodo-ethane, 
the two unite, forming the compound tetra-ethyl-ammonium 
iodide, N(C2H5)4l, which is ammonium iodide, in which all four "-^ 
hydrogen atoms have been replaced by ethyl groups. If silver 
oxide be added to the aqueous solution of the iodide, silver 
iodide is precipitated, and by evaporation of the liquid crystals 
of tetra^thyl-ammonium hydroxide, N (€2115)4011, are obtained. 
This is plainly the hypothetical ammonium hydroxide, in which 
the four ammonium hydrogens have been replaced by ethyl. 
Its solution acts almost like caustic potash. It is very caustic, 
attracts carbon dioxide from the air, saponifies (see p. 70) 
ethereal salts, and gives the same precipitates as caustic potash. 
The reactions of the substituted ammonias above described 
make it certain that these bodies are very closely related to 
ammonia. The methods of formation also point clearly to the 
same conclusion. This relation is best expressed by the form- 
ulas above given. 

Another met hod for the form ation^ of . substituted ammonias 
in wbicl^ but one radical is p resent, as ethyl-amine, NHg . C2H5, 
or in general NHg . R, consists in treating with nascent hydro- 
gen compounds known as nitro compounds^ which are substitu- 
tion-products containing the group (NO2) in the place of 
hydrogen. Thus, for example, when nitro-methane, CH3.NO2 
(which see) , is treated with hydrogen, the reaction which takes 
place is represented thus : — 

CH3.NO2 + 6H = CH3.NH2 + 2H2O. 

In connection with another series, it will be shown that this 
reaction is a most important one, from the practical as well as 
the scientific stand-point. It may be said in anticipation that 
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the manufacture of aniline, and consequently of all the many 
valuable dye-stuffs related to aniline, is based upon this reac- 
tion. 

Just as we may look upon methyl-amine and the related com- 
pounds, as ammonia, in which one hydrogen atom is replaced by 
methyl, so also we may regard them, and with equal right, as 
marsh gas, in which hydrogen has been replaced by the group or 
residue NHj. Owing to the frequency of the occurrence of this 
group in carbon compounds, and for the sake of simplifying the 
nomenclature, the gi'oup has been called the a mide or cmMo 
group, and the bodies containing it amido -compounds. Thus 
the compounds NHg . C2H5 may be called either ethyUamine or 
amido-ethane^ etc. 

Similarly, those bodies which contain two hydrocarbon resi- 
dues, as di-ethyl-amine, NH (€2115)2, are called imido-compoiinds^ 
and the group NH the iriiide or imido group. Substituted 
ammonias containing one hydrocarbon residue are called pri- 
mary ammonia bases. Those containing two residues, as di- 
ethyl-amine, NH (€2115)2, are known as secondary ammonia 
bases ^ and those containing three residues, as tri-ethyl-amine^ 
^(0113)8, are called tertiary ammonia bases. 

Among the most important of the reactions of amido-com- 
pounds or primary bases is that which takes place when they 
are treated with nitrous acid. Take ethyl-amine as an illustra- 
tion. In order to understand what takes place when this 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified anuno- 
nia, and hence we may expect that its reactions will be but 
modifications of those which take place with ammonia. Thus 
with nitrous acid ammonia unites directly to form ammonium 
nitrite : — 

NHj + HNOj = NH4.NO,. 

So also ethyl-amine forms etliyl-ammonium nitrite : — 

NHj.CjHj + HNOj = NH3(CjH5).NO,. 
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Now we know that ammonium nitrite breaks up readily into 
free nitrogen and water : — 

NH,.NOj = Ns + H2O + H2O. 

So alBO ethyl-ammonium nitrite breaks up into free nitrogen, ta 
water, and alcohol : — \^ 

NH8(C2Ha)N02 = N, -h HjO + C2H5.OH. ' ^ 

The two reactions are strictly analogous. As in the second case V 
we start with a substituted anmionia, we get as a product a ^J^^v 
substituted water or alcohol. ^ 

This reaction has been used very extensively in the prepara- 
tion of bodies containing hydroxyl. For ordinary alcohol, as "^ 
is clear, it is not a convenient method of preparation ; but it v 
will be shown that there are hydroxides for the preparation of 'v. 
which it is by far the most convenient method. The essential 
character of the transformation effected b}' it will be best under- 
st—iL by comparing the -formulas of the amide-aBd the alcohol. 
We*iiave ethyl- amine, C2H5-. NH2, and from it we get alcohol^ 
C2H5.OH. Thus we see that the transformation consists 4a. 
replacing the amido-group by hydroxyl. 

HTDBA.ZINE Compounds. 

Of late a class of bo lies has been studied, the members of 
which bear the same relation to the hypothetical body, N.^H4 
(or H.N — NH2) , that thi substituted ammonias bear to ammo- 
nia. The reactions bj' i4iich they are prepared are somewhat 
complicated, and the}'^ dd not play an important part in the 
study of carbon compounds. A mere mention of their exist- 
ence will therefore suffice for our present purpose. 

NiTRO-COMPOUNDS . 

Reference has already been made to a class of bodies con- 
taining the group NO2, and known as nitro-compounds. They 
are most readily made by treating the hydrocarbons with nitric 
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acid. This method, however, is not applicable to the hydro- 
carbons methane aud ethane and their homologues, as these may 
be treated with nitric acid without undergoing change. The 
hydrocarbon benzene, CeHe? is acted upon very easily- by nitric 
acid, when the reaction represented by the following equation 
takes place : — 

CeHe + HO.NO2 = CeHfi.NOa + H2O. 

The action is like that which takes place between sulphuric 
acid and benzene, which gives the sulphonic acid C6H5.SO2OH 

or ^^^>S0.^- (See p. 76.) In each case a hydrox^'l of the 

HO 

acid is replaced by the simple residue of the hydrocarbon. The 
product in the case of the bibasic acid, sulphuric acid, is itself 
still acid, while the product in the case of the monobasic nitric 
acid, is not an acid. 

The nitro-derivatives of methane have been made by a reac- 
tion which wft yni]|d pyp^^^^ ^fi y]f^]{\ pfliPrpal ^n^ltA nf nit^jy^^ 

acid; namely, by treating ^^^^-HifitliP"^ ^^^ '^t^innr TiriV^ ci]^r.^ 
nitpite : — 

CHgl -f AgNOa = CH3NO2 -h Agl. 

The compound CH3.NO2, which is known as nitro-methane, 
does not conduct itself like the ethereal salts of nitrous acid. 
The latter are unstable bodies, while the former is stable. 

Note for Student. — Compare the reaction just referred to with 
:^ that which takes place between silver cyanide and iodo-methanc ; and 
that which takes place between iodo-ethane and potassium sulphite. 
What analogy is there to the former aud to the latter? 

t 

It has already been stated that the nitro-derivatives are con- 
verted by nascent hydrogen into the corresponding amido- 
derivatives (see p. 97). 

Note for Student. — Write the equations representing the reac- 
tions necessary to convert niethyl alcohol into methyl-amine by means 
of the nitro-compound, 
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Nitrofonn, GH(N02)3) as the formula indicates, is the tri- 
nitro-derivative of methane, or tri-nitro-methane. It is con- 
verted into tetra-nitro-methane, C(N02)4, when treated with a 
mixture of concentrated sulphuric and fuming nitric acids. 



Nitro-chloroform, C(N02)Gl3, called also ^^jagMM^ and 
nitro-triclilor methane^ is formed by distilling inet^^or ethyl 
alcohol with common salt, saltpetre, and sulphuric acid. It is 
formed from a number of more, complicated nitro-compounds, 
by distilling them with bleaching lime or hydrochloric acid and 
potassium chlorate. 

NrrROso- and Isonttroso-Compounds. 

When a compound containing the group CH is treated with 
nitrous acid, a reaction takes place, which is represented thus : — 

R.CH 4- HO. NO = R.C.NO + H^O. 

The product R.C.NO, which is derived from the original sub- 
stance by the substitution of the group NO for a hydrogen 
atom, is called a nitroso-compound. By oxidation the nitfoso- 
compounds are converted into nitro-compounds, and by reduc- 
tion they yield the same pr(^N|0ts as the corresponding nitro- 
compounds. 

The isonitroso-c^mpounds are isomeric with the nitroso-com- 
pounds. They are formed whenever acetones or aldehydes are 
treated with hydroxylamine, NHg.OH. Assuming that the 
latter sabstance is really a hydroxyl derivative of ammonia, the 
reaction may be represented thus : — 

CHg CHg 

I I 

CO -h H2N.OH = C-N-OH -f HA 
I I 

CH3 CH3 

The hydrogen of the hydroxyl has acid properties. The iso- 
nitroso-compounds are readily broken up, yielding, as one of 
the products, hydroxylamine. . 
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Fulminio acid, OsNiOsHs, according to recent investiga- 
tions, appears to be an isonitioso-compound, and tor that 
reason finds appropriate mentioM in this place. The principal 
compound of fulminic acid, ielthe mercury salt, C2N202Hg, 
commonly known as fulminatiTlg mercuiy. It is prepared by 
dis8^)||[BHHM3ury in strong njlric acid, and adding alcohol to 
the solution. It is extremely explosive. Mixed with potassium 
nitrate it is used for filling perlussion-caps. 

When fulminating mercury if treated with concentrated hydro- 
chloric acid, it yields hydroxyjamine as one of the products of 
decomposition. This is regarled as evidence that fulminic acid 
is an isonitroso-compound. Ka will be seen, fulminic acid is 
isomeric with cyanic and cyanlric acids (see pp. 83 and 84) . 



■ 



CHAPTER Vn. 

DBRIVATIVBS OP METHANE AND ETHANE CON- 
TAINING PHOSPHORUS, ARSENIC, ETC. 

Phosphorus compounds.— Corresponding to the amines or 
substituted ammonias are the phosphines, which, as the name 
implies, are related to phbsphine, PH3. Methyl-phosphine, 
PHa-CHs, di-methyl-phospbine, PH(CH3)2, and tri-methyl- 
phosphine, P(CH8)8, may be taken as examples. 

These substances, like tie corresponding amines, form salts 
with acids, though not as rieadily. The hydroxide, tetra-ethyU 
phosphonium hydroxide^ P^CaHjX.OH, is a very strong, base, 
though not afi strong as thej CQrresponding_nitrqg„eDi. deriyativfi. 

The phosphines have cjne marked property which distin - 
guishes thft Ty^ f rnm ^q amibcs , and that is their power totake 
up oxygen and form acidsj. Thus, ethyl-phosphine, PH2.C2H,, 
when treated with nitric ^cid, is converted into ethyl-ph^ 
phinic acid, POCCsHg) (OH) 2, a bibasic acid, bearing to phos^ 
phoric acid the same relation that the sulphonic acids bear to 
sulphuric acid.' 

Note for Student.— Whjit is the relation? What other class of 
acids bears the same relation to carbonic acid? 

Di-ethyl-phosphine, 'Pll(pjtls)2, yields di-ethyl-pho^hinic acid, 
PO(C2H5)2.0H, when oxidized. 

These compounds are n<&t commonly met with, and do not 
play a very important part? in the study of the compounds of 
carbon. 

Arsenic compounds. -—The most characteristic carbon 
compound containing arsenic is that which is known as cacodyl. 
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:ha5^e and ethane. 



a name given to it on accoupt of its extremely disagreeable 
odor (from icaKc^s, stinking) . / It is prepared by distilling a mix- 
ture of potassium acetate and arsenic trioxide. The reactions 
which take place are very ccnnplicated, and many products are 
formed. Chief among the products is cacodyl oxide : — 

4 CH3.CO2K + AsA = [(pH8)2A8]20 + 2 KaCOa + 2 CO2. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CH8)2A8C ; and, when the chloride is treated 
with zinc, cacodyl itself it produced. Its analysis and the 
determination of its molemlar weight lead to the formula 
AS2C4H12, which in all probs bility should be represented thus : 

J 'J' * ( • Cacodyl appes rs thus as a compound analogous 

to the hj'drazines referred t<| abov^."^ (See p. 99.) 

Note for Student. — In wiat does the analogy consist? 

Many derivatives of cacodyl have been made, but their study 
would hardly be profitable ti the beginner. 

By treating the chlorides pf silicon, boron, and many of the 
metals with zinc ethyl, Zn(lp2H5)2, many similar ethyl deriva- 
tives have been made. 1 

Zinc ethyl itself is made by treating iodo-ethane, C2H0I, 
with zinc alone or with zinc s odium : — 



ZnNa, + 2 C2H5I 



= Zn(Cja.s)fi+ 2NaI. 



It is a liquid boiling at 118°. ' It takes fire in the air, and burns 
with a white flame. A 

Bodiuzn-ethyl, C2H5Na, ihay be obtained in combination 
with zinc ethyl by treating thfe latter with sodium. Both these 
compounds have been used to< a considerable extent in the syn- 
thesis of carbon compounds,/ particularly the more complex 
hydrocarbons, and they will ]|e frequently referred to in the 
following pages. 

\ 



BETROSPECT. 106 

Note for Student. — What is formed when sodinm methyl and ^ 
carbon dioxide are allowed ta act upon each other? 

Many of the derivativei , like the above, are volatile liquids. 
Such, for example, are n ercury ethyl, Hg(C2Ha)2, aluminium . 
ethyl, Al (€2115)3, tin tetre;hyl, Sn (€2113)4, and silicon tetrethyl, 
Si (€2115)4. The study of these compounds has been of assist- 
ance in enabling chemistsi to determine the atomic weights of 
some of the elements which do not form simple volatile 
compounds. ' 

Retrospect. 

In the introductory cjhapter (p. 19) these words were used in 
describing the plan t(J be followed: " Of the first series of 
hydrocarbons two men bers will be considered. Then the de- 
rivatives of these two ' irill be taken up. These derivatives will 
serve admirably as rep 'esentatives of the corresponding deriva- 
tives of other hydrocirbons of the same series and of other 
series. Their charact sristics and their relations to the hydro- 

ipon, as well as their relations to each 
other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of j the compounds of carbon. After these 
typical derivatives haije been considered, the entire series of 
hydrocarbons will be fcaken up briefly^ only such facts being 
« dealt with at all fully! as are not illustrated by the first two 
members." 

In accordance with the ^lan thus sketched we have thus far 
considered the principal derivatives of the two hydrocarbons, 
methane and ethane, so far. as these derivatives represent dis- 
tinct classes of compounds. These derivatives were classified 
first into (1) those containing halogens; (2) those containing 
oxj'gen ; (3) those containing sulphur ; and (4) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that the halogen 4erivatives, such as ehlor-methane, 
brom-etbane, etc., bear very simple relations to each other. 
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We found that under the head of oxygen derivatives, the most 
important and most distinctly characteristic derivatives of 
hydro-carbons are met with ; as, the alcohols, ethers, aldehydes, 
a^ids, ethereal salts, and ketones^ The sulphur derivatives, 
some of which closely resemble th^ oxygen derivatives, include 
the sulphur alcohols or mercaptans, sulphur ethers, and sulphonic 
adds. . 

On beginning the consideration/ of the nitrogen derivatives 
we found it desirable first to tak^ up certain derivatives con- 
taining the cyanogen group, among which are cyanogen, hydro- 
cyanic acid, cyanic acid, and sulpl|ocyanic acid. Many interest- 
ing carbon compounds are closely related to these fundamental 
compounds. Such, for examplef, are the cyanides and carhor- 
mines, the cyanates and isocyajiates, the sulpho-cyanales and 
iso-sulpho-cyanxLtes or mustard-ojUs. Following the compounds 
related to cyanogen, we took ; up the interesting compounds 
which are related to ammonii, the substituted ammonias or 
amines. Then came the nittjo-derivatives ; and, finally, the 
compounds of the hydrocarbon' residues or radicals with metals. 

It is of the greatest importance that the student should 
master the preceding portion of this book. If he studies care- 
fully the reactions which have i been considered, and which are 
statements in chemical language which tell us the conduct of 
the various classes of derivatives, and if he performs the ex- 
periments which have been described, he will have a fair general 
knowledge of the kinds of reUtions which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction^ "If we know what derivatives 
one hydrocarbon can yield, w4 know what derivatives we may 
expect to find in the case of e^ery other hydrocarbon." 

The more the student practices the use of the equations thus 
far given, the better he will b^ prepared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what hias gone before, what follows will 
appear extremely simple. Whereas, if he has failed at any 
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point to catch the exactimeaning, if he has failed to see the 
connection, he had bettOT go back and faithfully review, or he 
will soon find his mind faUpelessly muddled, and relations which 
are as clear as day will b^ concealed from him. 

A very excellent practice is to trace connections between thej 
different classes of compounds, and show how to pass from on< 
to the other. Thus, for example, (1) show by what reactions 
it is possible to pass from marsh gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHg.CHClj? (3) What reactions would enable us to make 
methyl-amine from its elements? (4) How may acetone be 
made from methyl-amine ? (5) What reactions are necessary in 
order to make ordinary ether from ethyl -amine? etc., etc. It 
is well in this sort of practice to select what appear to be the 
least closely -related compounds, and to show then how we may 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important reactions. 





CHAPTER VIII. 



THE HYDROCARBONS OF THE MARSH-GAS 
SERIES, OR PARAFFINS. 



w* 



The existence of the homologous series of hj'drocarbons be- 
ginning with methane and ethane was spoken of before its first 
two members were considered. A general idea of the extent 
of the series, and of the names used to designate the members, 
may be gained from the following table : — 



MARSH-GAS HYDROCARBONS. 

Paraffins. — Hydrocarbons, CnHgn+j. 

BoUhig-Point. 



Methane 

Ethane . . 

Propane 

Butane . . 

Pentane 

Hexane 

Heptane 

Octane . . 

Nonane 

Dodecane . 

Hecdecane 



CH, 

C2H8 

C^Hg 

C4H10 
CfiHia 
C6H14 
CjHie 
C'gHig 

^'12^26 

C16H34 



gas. 
gas. 
gas. 

r. 

38°. 

70^ 

98.4^ 

125°. 

148°. 

202°. 

278°. 



The explanation of the remarkable relation in composition 
existing between these members, a relation to which the name 
homology IS giYen, has already been referred to (p. 22). The 
number of hydrogen atoms contained in a member of this series 
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bears a constant relation to the number of carbon atoms, as 
expressed in the general formula C„H2„+2- On examining the 
column headed " Boiling-Point " it will be seen that, as we pass 
upward in the series, the boiling-point becomes higher and higher. 
The first three members are gases at ordinary temperatures, while 
the last boils at 278°. The elevation in the boiling-point is 
to some extent regular, as will be observed. The difference 
between butane, C4H10, and pentane, C5H12, is 38 — 1 = 37° ; 
that between pentane and the next member is 70 — 38 = 32° ; 
between hexane and heptane it is 98.4 — 70 = 28.4° ; between 
heptane and octane, 125 — 98.4 = 26.6° ; and, finally, between 
octane and nonane the difference is 148— 125 = 23°. Thus it 
will be seen that the elevation in boiling-point caused by the 
addition of CHj decreases as we pass upward in the series. 
Other relations have been pointed out, but it would be prema- 
ture to discuss them here* 

The chief natural source of the paraffins is petroleum ; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, undoubtedly contains a number of the members 
of the paraffin series, it is an extremely difficult matter to 
isolate them from the mixture. Prolonged fractional distilla- 
tion is not sufficient for the purpose. If, however, some of the 
purest products which can thus be obtained be treated with 
concentratedjulphuric acid, and afterwards with concentrated 
n itric_ac id, and then washed and redistilled, they may be 
obtained in pure condition* 

Petroleum. — Petroleum occurs in enormous quantities in 
several places. Among the most important localities are 
Pennsylvania, the Crimea, the Caucasus, Persia, Burmah, 
China, etc. In some places it issues constantly from the earth. 
Usually it is necessary to bore for it. When one of the cavi- 
ties in which it is contained is punctured, the oil is forced out 
of a pipe inserted into the opening in a jet, in consequence of 
the pressure exerted upon it by the gaseous constituents. As 
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first obtained, it is usually a dark, yellowish-greeu liquid, with 
an unpleasant odor. It varies in appearance according to the 
place in which it is found. American petroleum contains the 
lowest members of the paraffin series; and when the oil is 
exposed to the air the gases are given off. 

Refining of petroleum. To render petroleum fit for use in 
lamps, it is necessary that the volatile portions should be 
removed, as they form explosive mixtures with air, just as 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those parts which have a certain specific 
gravity or boil between certain points are used for illuminating 
purposes, under the name of kerosene. Besides being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, and 
afterwards with an alkali, and then with water. All these 
processes taken together constitute what is called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cymogene^ 
rhigolene^ gasoline, naphtha, and hentine, all of which are 
lighter than kerosene. It must be distinctly understood that 
none of the substances here mentioned are pure chemical sub- 
stances. The names are conamercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, paraffin, which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petroleum, laws have been enacted relating to the 
properties which the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries and 
different parts of the same country, relate mostly to what is 
called the flashing-point. This is the temperature to which the 
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oil must be heated before it takes fire when a flame is applied 
to it. The legal flashing-point in many parts of the United 
States is 44°. Various forms of apparatus have been de- 
vised for the purpose of making the determination of the 
flashing- point as accurately as possible. Among them the fol- 
lowing commends itself by its simplicity: { 
The cylinder ^ is 2 to 3'^"* in diameter and 
10 to 12*^ long. Just within the wooden 
cork the bent tube contracts to a small 
orifice. At d it is connected by rubber- 
tubing with a source of compressed air 
(hand-bellows or gas holder) , the flow of 
which can be controlled by the pinch-cock, ^w^ ^ 
A is about one-third filled with kerosene, IBI I 



f.z:> 



u 




and secured in a clamp, so that it plunges in 

a water-bath to the level of the oil. Air is ^' 

now passed through dc5, and e so adjusted that about 0.5'="" 

foam is kept on the surface of the oil. From degree to degree 

the test is made by bringing a small flame for an instant to the 

mouth of A. At the flashing-point the vapor ignites, and the 

bluish flame runs down to the surface of the oil. 



^ Ebcperiment 31. Make an apparatus like the above, and determine 
the flashlDg-points of two or three specimens of kerosene which may 
be available. 

S3mthesis of the paraf Lns. — Although the parafiins do 
occur in nature, and some of them may be obtained in pure con- 
dition from natural sources, ye are dependent upon synthetical 
operations performed in th( laboratory for our knowledge of 
the series and the relations e xisting between them. 

We have already seen how ethane may be prepared from 
methane by treating methyl iodide with zinc or sodium, as repre- 
sented in this equation : — j 

CHgl + CH3I + 2 Na = CjHe -f- 2 Nal. 
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This method has been extinsively used in the building up of 
higher members of the series] Thus from ethane we ma}' make 
ethyl iodide, and by treating this with sodiimi get butane 
C4H10 : — 

C2HJ + C2H5I + p Na = C4H,o + 2 Nal. 

But we may get the intermediate member, propane, CgHg, by 
mixing methyl iodide and ethyl iodide and treating the mixture 
with sodium : — 

CH3I + C2HJ + i Na = CH3.C2H5 + 2 Nal. 

By applying this method, ill is plain that a large number of the 
members of the paraffin series might be made. 

Another method consiste in treating the zinc compounds of 
the radicals, like zinc eth}!, Zn (02115)2, with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and ethyl iodide give butane ; zinc ethyl and methyl 
iodide give propane, etc. : * — 

Zn(CH8)2 + ^CHgl = 2C2He -f Znlj; 
Zn(C2H5)2 + 2 C2HJ = 2 C,Hio -*- Znl, ; 
Zn(C2H5)2 + 2 CHgl = 2 CgHg + Znlj. 

Paraffins may be made by replacing the halogen in a substitu- 
tion-product by hydrogen. This may be effected by nascent 
hydrogen or by hydriodic acid : — 

C4H9I -f 2 H = C4H10 + HI. 

Finall}', the paraffins may be made by heating the acids of the 
formic acid series with an alkali. This has been illustrated by 
the preparation of marsh gas from acetic acid by heating with 
lime and caustic potash. The reaction may be written thus : — 

CH3.CO2K H- KOH = CH4 + COgKa. 

Tlie products are a hydrocarbon and a carbonate. 
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Isomerism amonff the paraffins. — It has already been 
stated that the evidenjee is almost conclusive that each of the 
four hydrogen atoms oi^ marsh gas bears the same relation to the 
carbon, and hence we biplieve that, as regards the nature of the 
product, it makes no ditference which hydrogen atom is replaced 
by a given atom or radical. According to this, as ethane is the 
methyl derivative of mar$h gas, it makes no difference which of 
the hydrogen atoms of marsh gas is replaced by the metli^^l, the 
product must always be the same, or there is but one ei^ftne 

possible according to the iheory. This is represented by the 

H H 

i I 

formula, H — C — C — H, or BjC — CH3. In ethane, as well as in 

I I \ 

H H 1 

methane, all the hydrogen atoms bear the same relation to 
the molecule, and it should make no difference which one is 
replaced by methyl. But propane is regarded as derived from 
ethane by the substitution of Methyl for hydrogen ; and, as it 
makes no difference which hydrogen is replaced, there is but 
one propane possible. Only one has ever been discovered, and 
this must be represented thus : — 

H H H 
I I I 
H-C-C-C-H, or CHs.CHg.CHg. 

I I I 
H H H 

Now, continuing the process of substitution of methyl for hydro- 
gen, it appears that the theory indicates the possibilit}' of the 
existence of two compounds of the formula C4H10. One of 
these should be obtained by replacing by methyl one of the three 
hydrogens of either methyl group of propane. It is represented 
by the formula : — 

H H H H 
ill! 
H-C-C-C-C-H, or H3C.CH2.CH2.CH3. 

I I I I ^ 
H H H H 



X 
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The other should be obtained by replacing by methyl one of the 
two hydrogens of the group CH2 contained in propane. This 
would give a hydrocarbon of the formula : — 

H H H CHs 

III I 

H - C - C - C - H, or CH3 - CH - CHj. 
I I I 

H C H . 

H H H 

The theory then indicates the existence of two butanes. How 
about the facts ? Two, and oulv two butanes have been discov- 
ered. The first, which occurs in American petroleum, has been 
made synthetically by treating ethyl iodide with zinc : — 

2CH3.CH2I + Zn = CH3.CH2.CH2.CH3 + Znlj. 

The method of synthesis clearly shows which of the two possi- 
ble isomerides the product is. It is known as normal butane. 
It is a gas which can be condensed to a liquid at 4-1°- 

The second, or isobutane, is made from an alcohol which 
will be shown to have the structure represented by the formula 
CH3 

CH3 _ c - OH (see Tertiary Butyl Alcohol, p. 124) , by replacing 

CH3 
the hydroxyl by hydrogen. It is a gas which becomes liquid 
at -17°. 

The differences between the two butanes are observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the series, how many isomeric varieties of pentane, 
C-H12, may we expect to find ? The question resolves itself into 
a determination of the number of kinds of hydrogen atoms con-, 
tained in the two butanes, or the number of relations to the 
molecule represented among the hydrogen atoms of the butanes. 
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We can make this determination best by examining the struc- 
tural formulas. Take first normal butane : — 

H H H H 

I I I I 

H-C-C-C-C-H. 

Jill 
H H H H 

In this there are plainly two different relations represented ; 
viz., that of each of the six hydrogens in the two methyl groups, 
and that of each of the four hydrogens of the two CH,, groups. 
The two possible methyl derivatives of a hydrocarbon of this 
formula are therefore to be represented thus : — ^ 

H8C .CH.2.CH2»V-H.2*^-".8, (1) 

and H8C.CH2.CH<^JJ8, (2) 

CH3 

I 

Now, taking isobutane, HC — CH3, we see that it consists of 

CH3 
three methyl groups, giving nine hydrogen atoms of the same 

kind, and one CH group, the hydrogen of which bears a dif- 
ferent relation to the molecule from that which the other nine 
do. There are therefore two possible methyl derivatives of 
isobutane which must be represented thus : — 

CHs' CHg 

I I 

HC - CH2 .CHa , (3) , and HgC - C - CH,. (4) 

I I 

CH3 . CH3 

We have, therefore, apparently four pentanes. But on compar- 
ing formulas (2) and (3), it will be seen that, though written a 
little differently, they really represent one and the same com- 
pound.- Thus the number of pentanes, the existence of which 
is indicated hy the theory, is three, and these are represented 
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by formulas (1), (2), and (4). Tliey are cUl known. The 
first is called normal nentane, the second iso-pentane or 
di-methyl-ethyl-znethane, and the third tetra-methyl-me- 
thane. \ 

It would lead too far to iiscuss all the methods of prepara- 
tion and the properties of these hydrocarbons. It will be seen 
that the methods of preparation show what the structure of a 
hj'drocarbon is. Di-methjQ-ethyl-methane is made from an 

alcohol which can be shown =to have the formula 

I 

^^8>cil.CH2.CH20H, 

by replacing the hydroxyl by^ hydrogen. Hence its structure is 
that represented above by foiimulas (2) and (3). 

Tetra-methyl-methane is made b}^ starting with acetone. 
Acetone has been shown to consist of carbonyl in combina- 
tion with two methyl groujis, as represented in the formula 
CHg— CO— CH3. It has also been shown that, by treating 
acetone with phosphorus pen^achloride, the oxygen is replaced 
by chlorine, giving a compoun^d of the formula CH3— CCI2— CH3. 
Now, b}' treating this chloride with zinc-methyl, the chlorine is 

replaced by methyl thus : — 

CH3 
I 
CH8-CCI2-CH3 + Zn(CH3)2 = CH3-C-.CH8 + ZnCla. 

I 
CH3 

The product is tetra-methyl-methane, and the synthesis thus 
effected shows at once what the. structure of the product is. 

Hexanes. — The student will now be prepared to apply the 
theory to the determination of tiie number of hexanes possible. 
He will find that there are five. The theory is, in this case as in 
the preceding, in perfect accordance with the facts. There are 
five and only ^yq hexanes known. Only the names and formu- 
las of these will be given here : — 
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1. Normal hexafae, CHa.CHg.CHj.CHj.CHa.CH,. 

2. Iso-hexane, CH3.CH2.CH2.CH<55« 



; CH3 

C/xlo .Oris 



3. Methyl-di-eth3rt-methane, CH8.CI^<^"2^^"^ 



4. Tetra-methyl4thane, ^3^>HC-CH<^^«. 

M3L/ Oils 

CH, 
I 

5. Tri-methyl-ethyl-methane, HsC-C-CHj.CHj. 

I 
CH, 

Passing upward, we find that nine heptanes are possible 
according to the theory, while but four have thus far been 
discovered ; and that, while theory indicates the possibiiit}' of 
the discovery of eighXein hydrocarbons of the formula CsHjg, but 
three are known. The theoretical number of isomeric varieties 
of the highest membkrs of the series is very great, but our 
knowledge in regard to these highest members is very limited, 
and it is impossible to say whether the theory will ever be 
confirmed by facts. It may be that there is some law limiting 
the number of complicated hydi-ocarbons. It is, however, idle 
to speculate upon the subject at present. It is well for us to 
keep in mind that a thorcjiigh knowledge of a few of the simplest 
members of the series is jail that is necessar}' for the present. 

On examining the formulas used to express the structure of 
the hydrocarbons, we fiiid that they may be divided into three 
classes : — 

(1) Those in which there is no carbon atom in combination 
with more than two others ; as, — r 

Propane . . . . CH3.CH2.CH3; 

Normal butane . . CHg .CHg .CH2 .CH3 ; 

♦ Normal pentane . CH3.CH2.CH2.CH2.CH3; 

5^4 Normal hexane . . CHg . CH2 . CHg . CHg . CHg . CHg. 



>l( 
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lich ih 



(2) Those in which there is at least one carbon atom in 
combination with three bthers ; as, — 



Isobutane . 



Isopentane 



Isohexane . 



\ . CH3.CH<^JJ»; 

Oils 

I . CH,.CH,.CH<^^»; 

. CH3 .CH2 .CH2 .CH2 •< ^ ; 



and 



Tetra-methvl-ethine, ^^^ > CH-CH < ^^\ 

^^ H3C CH3 



(3) Those in which there is at least one carbon atom in 
combination with four others; as, — 



Tetra-methyl- 
methane 



CH3 

I 



I . . CH3-C-CH3; 



and 



Tri - methyl - ethy 1- 
methaue 



}• 



CH, 

CH, 
I 
C2H5 — C — CH3. 

I 
CH3 



The members of the first class are called normal paraffins ; 
those of the second class, iso-paraffins; and those of the third 
class, neo-parafflns. 

Only the members of the same class are strictly comparable 
with each other. Thus it has been found that the boiling-points 
of the normal hydrocarbons bear simple relations to each other, 
and that the same is true of the iso-paraffins ; but, on compar- 
ing the boiling-points and other physical properties of normal 
paraffins with those of the iso- or neo-paraffins, no such simple 
relations are observed. 
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Regarding the names of the paraffins, the simplest nomen- 
dature in use is that according to which the hydrocarbons are 
all regarded as derivatives of methane. Thus we get the 



; tri-methyl-methane 
CH, 



name ethyl-methane for propane, C 

for isobutane, C i ^^ ; tetra-methyl-methane, C i ^ ', etc. 



C2H5 
H 
H 
H 



H 



CH, 



CHAPTER IX. 

OXYGEN DERIVATIVES OF THE HIGHER MEM- 
BERS OP THE PARAFFIN SERIES. 

We are now to take up the derivatives of the higher mem- 
bers of the paraffin series, just as we took up the derivatives of 
methane and ethane. Not much need be said in regard to the 
halogen derivatives. A few of them will be mentioned in con- 
nection with the corresponding alcohols. The chief substances 
which will requure attention are the alqghols and a<2^s. 

1. Alcohols. 

Normal propyl alcohol, O3H7.OH. — Wh^n anprar nn/lAr- 

groAfl fArrqpp^^yfijQ a little propyl alcohol is alwa3's formed, and 
is contained in the " fusel oil." From this it may be separated 
by treating those portions which boQ between 85® and 110° 
with phosphorus and bromine. The bromides of the alcohols 
present are thus formed (what is the reaction ?) , and these are 
separated by fractional distillation. The bromide correspond- 
ing to propyl alcohol is then converted into the alcohol (how 
may this be done ?) . 

It is a colorless liquid with a pleasant odor. It boils at 97.4° 
(compare with the boiling- points of methyl and ethyl alcohol) . 
It conducts itself almost e siactly like the two first members of 
the series. By oxidation it is converted into an aldeh3'de, 
CsHgO, and an acid, CgHcQa, which bear to it the same relations 
that acetic aldehyde and acetic acid bear to ethyl alcohol^ 



Secondary propyl o^ isopropyl alcohol, O3H7.OH. — 

The reasons for regarding the alcohols as hydroxy 1 derivatives 

i 



i 
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of the hydrocarbons have /been given pretty fully. As the six 
hydrogen atoms of ethan^ are all of the same kind, but one 
ethyl alcohol appears to [be possible and only one is known. 
But just as there are two butanes or methyl derivatives of pro- 
pane, so there are two h\ droxyl derivatives of propane ; or, in 
other words, two propyl s Icohols. The first is the one obtained 
from " fusel oil," the othjr is the one called secondary propyl 
alcohol. This has alreac y been referred to under the head of 
Acetone (see p. 72), whire it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydrogen. 
We are, in fact, depende it upon this method for the prepara- 
tion of the alcohoU 

It is, like ordinary p'opyl alcohol, a colorless liquid. It 
boils at 85°—. While all it \ reactions show that it is a hydroxide, 
under the influence of ox dizing agents it conducts itself quite 
diflTerently from the alcoiols thus far considered. It is con- 
verted first into acetone! CsHeO, which is isomenc with the 
aldehyde obtained from jordinary propyl alcohol ; by further 
oxidation, it however dees not yield an acid of the formula 
C3H6O2, as we would exj ect it to, but breaks down, yielding 
two simpler acids; viz., formic acid, CH2O2, and acetic acid, 
C2II4O2. I 



Secondary alcohols. — Secondary propyl alcohol is the 
simplest representative of a class of alcohols which are known 
as secondary alcohols. They are made by treating the ketones 
with nascent hydrogen^ and are easily distinguished from other 
alcohols by their conduct towards oxidizing agents. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller num- 
ber of carbon atoms. 

. Is there anything in the s^^ture of these secondary alcohols 
to suggest an explanationii^ their conduct? Secondary pro- 
pyl alcohol is made from awfbne by treating with nascent 
hydrogen. Acetone contains tWo methyl groups and carbonyl, 
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as represented by the formula CHg— CO— CHg. The sim- 
plest change that we can imagine as taking place in this com- 
pound under the influence of hydrogen is that represented in 
the following equation : — 

CH3-CO-CH3 + Ha = CHs-CH.OH-CH,. 

The very close connection existing between acetone and second- 
ary propyl alcohol, and the fact that there are two meth3^1 
groups in acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain eth3'l, shows that in the alcohol ethyl is 
I present. Therefore, we may conclude that the differenc e 

I b etween f^^'^iff Ja^ ^"^^ f opvl alcohol is that t^ e 

j former is an ethyl deiiyativa Aod the Ifltt^r a di-nriethyl ^privR- 
I tive'dT methyl alcohol, as represented by the formulas #•—• 



^H 
H 



'' OHa •C'H3 f OH; 



C^ 



8 I ^^*3 

H ^ CH 



C 



8 



I H I H I H 

•-OH '-OH ^ OH 

Methyl alcohol. Ethyl methyl alcohol or Dimethyl methyl alco- 

ordinary propyl aU hoi or secondary 

cohol. propyl alcohol. 

Prim ary propyl alcohol is methyl alcohol i n inhynh one hydrogen 
is replaced by a radical , while sefifiQjdary propyl alcohol is 
methyl alcohol in whic h^wo hydrogens ar e^jeepkui^f^^f n^n/Hi^ni^ 
An examination of all secondary alcohols known shows that 
the above statement may m made in regard to all of them. 
They must be regarded as derived from methyl alcohol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary prolyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called primary 'alcohols. 
Another way of stating the difference between primary and 
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secondary alcohols is this : Primary £^lcohols contain the group 
CgaQH ; secondary al(»hols contain the group CHOH. These 
statements, as will be seen, are corollaries of the first ones. 

A primary alcohol, when oxidized, yields an aldehyde and an 
acid containiug th6 S£\me number of carbon atoms as the 
alcohol does; 

A secondary alcohol J when oxidized, yields an acetone, and 
then an acid or acids cpntaining a smaller number of carbon 
atoms. 

Recalling what was sdid regarding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, we see tiiat the formation of the acid is impossi- 
ble in the case of a «€^condary alcohol. In the case of a 
primary alcohol, we hajve : — 

^^ (R rR 




C^ H 

lo 

Aldehyde. 



c 



OH. 
LO 



Acid. 



In the case of the secondary alcohol, we have : — 

R 
R 



V. 



^ 



Secondary alcohol. 




Further introduction of oxygen cannot take place without a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
remarkably in accordance with the facts. 



Butyl alcohols, O4H9.OH. — Theoretically, there are two 
possible hydroxy 1 derivatives of each of the two butanes, 
making four butyl alcohols in all. They are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol/ CHs.CHj.CHa. CHj. OH. 

2. Isobutyl alcohol, ^J^\>CH.CH20H. 

The third is a derivative of ncirmal butane, and is a secondary 
alcohol. 

3. Secondary butyl alcohol, CH8.CH2.CH<^^ . This 

alcohol is prepared by treating ethyl-methyl ketone with nascent 
hydrogen : — 

0118*^^2 — 00 — v^Hs -f- H2 = C'H[8.CH2*CH <C • 

CHs 

(Compare this with the reactioq for making secondary propyl 

alcohol.) I CHj 

I 

4. Tertiary butyl alcohol, CH, - C - OH. The fourth butyl 

alcohol has properties which distinguish it from the primary and 
secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but breaks down at once, yielding acids con- 
taining a smaller number of carbon, atoms. Assuming that every 
primary alcohol contains the group CH2OH, and that every sec- 
ondary alcohol contains the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcohol must have 

the formulas above assigned to them ; and it follows further, that 

CH. 
I 
the fourth butyl alcohol must have the formula CH, — C — OH, 

CH3 
as this represents the only other arrangement of the constituents 

possible, according to our theor}-. This formula represents a 
condition which does not exist in either the primary or second- 
ary alcohols. It is methyl alcohol in which all the hydrogen 
atoms, except that in the hydroxyl, are replaced by methyl 
groups, and it contains the group C — (OH) . Such an alcohol 
is known as a tertiary alcohol^ and the one under consideration 
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is called tertiary butyl xdcohol. It is the simplest derivative of 
a class of which but few members are known. 

Tertiary butyl alcoh^ is made by a complicated reaction 
which cannot easily be / interpreted ; viz., by treating acetyl 
chloride, CH3.COCI, witl^ zinc methyl, Zn (€113)2. These two 
substances unite, forming ^ crystallized compound ; and, when 
this is treated with water, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. By taking other acid 
chlorides, and the zinc (Compounds of other radicals, other 
tertiary alcohols may be obtained* 

Characteristics of the three Classes of Alcohols. To recapitu- 
late briefly' , we find, in stiidying the hydroxyl derivatives of the 
hydrocarbons, that they can be divided into three classes, ac-^^^ 
cording to their conduct .towards oxidizing agents. 

To what was said above regarding the conduct of primary 
and secondary alcohols' we can now add: Tertiary -«leohol« '*' 
yield neither aldehydes nor acetones, but break down set- once, 
yielding simpler aci 

The general foro^las representing these three kinds of alco- 
hols are : — ' "^ 



--•» 



c 



H 
H 
OH 



\ 




and C^ 



R 
R 
R 
OH 



Primary. j Secondary. Tertiary. 

f 
I 

Note for Student. — ^ Show how the formula for the tertiary alco- 
hols is in accordance with the fact that these alcohols do not yield 
aldehydes nor ketones. 



Pentyl aloohols, CsHn.OH. — These alcohols are the hy- 
droxyl derivatives of the pentanes. Eight are possible, and 
seven of these are known. Only two of them need be con- 
sidered here. These are the so-called amyl alcohols. 
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Inactive amyl alcohol, ^^>0H- OH^- OH2OH.— 

This alcohol, together with at least one other of the same 
composition, forms the chief part of the fusel oil obtained in 
the fermentation of sugar. By fractional distillation of fusel 
oil ordinary commercial amyl alcohol is obtained,. as a colorless 
liquid, having a penetrating odor, and boiling at 131° to 132°. 
This can be separated by other methods into two isomeric 
alcohols, one of which is inactive amyl alcohol and the other 
active amyl alcohol. The names refer to the behavior of the 
substances towards polarized light, the former having no action 
upon it, the latter turning the plane of polarization^ to the left. 
When oxidized, inactive amyl alcohol yields an acid contain- 
ing the same number of carbon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reac- 
tions which show that it must be represented by the formula 

8>CH.CH2.C02H. Therefore, the alcohol has the structure 
represented by the fonnula ^ > CH.CHa.CHaOH. 

Active amyl alcohol, CH3.0H2.0H<^gQ2.— This,as 

has been stated, is obtained, together with the inactive alcohol, 
from fusel oil. Not enough is known about it to enable us to 
say with certainty whether the above formula represents its 
structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 
though a list of some of the more important ones is given 
below. As regards the naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons are 
referred to marsh gas. For this purpose methyl alcohol is 
cftlled ca rhinol. and we then get such names as methyl-carbinol, 
di-ethyl-carbinol, etc., which convey at once an accurate idea 

^ This is not the proper place to explain exactly what is meant by these expressioiiB. 
To the student of physics they convey definite meanings. To one who has not studied 
physics they are meaningless. 
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concerning the structare of the substances. A few illustrations 
will suffice. Take the alcohols considered above : — 



I 



J Ethyl alcohol is methyl-carbinol^ 
•^ •■ Primary propyl alcohol is ethyl-carbinol, 



c 



\ 



:^ 



v: 






< 



« 



Secondary' propyl alcohol is di-methyl- } ^, 
carbinol, ) 



Tertiary butyl alcohol is tri-methyl-carbinol^ C 



fCHa 
H 

I OH 

' CHaCHs 
H 

H ' 
OH 

CH3 
CH3 
H ' 
OH 

r CHs 
CH3. 
CH3' 
OH 



Inactive amyl alcohol is isohutyl-carhinol^ C ^ 



rCH2.CH<^JJ« 

H 
H 



^ OH, etc., etc., 
a name given to it on account of the presence in it of the iso- 

CH 

butyl group CH2.CH < ^^l' 

V 

The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the paraffins is 
developed. There are eight hexyl alcohols and four heptyl 
alcohols known. Of most of the higher members but one 
variety is known. They are not important, except in so far 
as they indicate the possibility of the discovery of other 
alcohols. 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 

Series CnH2n+i.0H. 

Methyl alcohol CHg.OH. 

Ethyl '' C2H5.OH. 

Propyl ^- CgH^.OH. 

Butyl '' C4H9.OH. 

Pentyl " CaHn-OH. 

Hexyl " CeHjg.OH. 

Heptyl " C7H15.OH. ' 

Octyl " CgHiy.OH. 

Nonyl " C9H19.OH. 

Cetyl " CieHgg.OH. 

Ceryl " C27H55.OH. 

Myricyl " CaoH„.OH. 

2. Aldehydes. 

In general, it follows from what has been said concerning 
the properties of primary alcohols, that there should be an 
aldehyde corresponding to every primary alcohol. Many of these 
have been prepared. They resemble ordinary acetic aldehyde so 
closely that it is unnecessary to take them up individually. If 
we know the structure of the alcohol from which an aldehyde is 
formed by oxidation, we also know the structure of the aldehyde. 

Besides the one method for ^the preparation of aldehydes 
which has been mentioned, viz., the oxidation of primary 
alcohols, there is one other which should be specially noticed. 
It consists in distilling a mixture of a formate and a salt of 
some other acid. Thus, if a mixture of an acetate and a 
formate be distilled, acetic aldehyde is formed as represented 
by the equation : — 

^H COOM ^ ^^'-^^^ + ^'^»- 
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This method has been used to a considerable extent in making 
the higher members of the series. 

Bxperiment 32. Mix ab()nt equal weights of dry potassium form- 
ate and dry sodium acetate, distil from a small flask. Collect some 
of the distillate in water, an(j( prove that aldehyde is formed. I 

I 

/ 3. Acros. 

I 
Formic and acetic acids are the first two members of an j 

homologous series of similar acids, generally called the fatty \ 

acids, on account of the jfact that several of them occur in large 

quantities in the natural fats. The names and formulas of 

some of the principal members are given in the following 

table. The reasons for representing the acids as compounds 

containing the carboxyl group, CO2H, have been given, and 

need not here be restated"; — 

FATTY ACIDS. 

Series CnHan+i-COgH, or C^HgnOg. 

Formic acid H.COgH. 

Acetic " CH3.CO2H. 

Propionic " C2H5.CO2H. 

Butyric " CaHy.COgH. 

Valeric " C4H».C02H. 

Caproic or 
Hexoic acids 

CEnanthylic or ) r u rn xi 

Heptoic acids ) 

^*P?""':^ I C,H„.CO^. 

Octoic acids ) 

Pelargonicor } C,H„.CO.H. 

Nonoic acids ) 

Capric acid C^i9.C02H. 



r CJjjHu .00211. 



ISO 
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Laurie acid 

Myristic 

Palmitic 

Mai^aric 

Stearic 

Arachidic 

Behenic 

Hyenic 

Cerotic 

Melissic 



i 



4 



^ll"23 •C02H- 

CjijHgi .C02H.- 

^19^39 • >-^^2-^ • 
(^21^43 • vy02U« 

1^26'-^53 •v>'vJ2'^* 
O29O.59 • L/Lf2U • 



Although, as will be seen, a large number of fatty acids are 
known, most of them included in the list are at present merely 
curiosities, and need not be studied specially. Not more than 
six in addition to formic and acetic acids will require attention. 

Propionio acid, CsHsOatCaHs.OOaH). — Propionic acid is 
formed in small quantity by the dig^H^tjon nf wr^nH ^ and by the 
fermentation of various organic bodies, particularly calcium 
lactate and tartrate. It is prepared most readily by treating 
ethyl cyanide (propio-nitrile) with caustic potash : — 

C2H5.CN + KOH -I- H2O =* C2H5.CO2K + NHs. 

Other methods for preparing it are the following : — 

(1) By reducing lactic acid with bydriodic acid. (This will 
be explained under the head of Lactic Acid, which see.) 

(2) By the action of carbon dioxide upon sodium ethyl : — 

CO2 + NaCgHs = C2H5 .COaNa. 

It is a colorless liquid with a penetrating odor somewhat re- 
sembling that of acetic acid. It bolls at 140°. (Compare with 
^^'^i ling-points of formic and acetic acids.) 
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It yields a large nitmber of derivatives corresponding to 
those obtained from acetic acid. 

Note for Student. — What is propionyl chloride? and how can it 
be prepared? It is analogous to acetyl chloride. 

The simple substitution-products of propionic acid present an 
interesting and instructive case of isomerism. It is found that 
there are two chlor-propiofiic acids, two brom-propionic acids, 
etc. Those products whic|i are obtained by direct treatment of 
propionic acid with substituting agents are called a-products, 
and the isomeric substanc^ ^-products. Thus we have a-chlor- 
propionic and a-brom-propipnic acid^ made by treating propionic 
acid with chlorine and bromine ; and p<Mor-propionic acid and 
13'brom-propionic acid^ made by indirect methods. The differ- 
ence between these two series of derivatives is due to different 
relations between the constituents. Our usual method of repre- 
sentation indicates the possibility of the existence of two iso- 
meric chlor-propionic acids, and of similar mono-substitution 
products of propionic acid. The acid is represented thus : — 

CHs tCxig .CO2H. 

Now, if chlorine should enter into the compound, as represented 
by the formula CHgCl .CH2,C02H, (1) we would have one of 
the chlor-propionic acids ; while, if it should enter as indicated 
in the formula CH3.CHCI.CO2H, (2) we would have the iso- 
meric product. We have thus two chlor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents a-chlor-propionic acid, 
and which the ^-acid ? We can tell only by carefully consider- 
ing all the reactions and methods of formation of both com- 
pounds. The best evidence is furnished by a study of the lactic 
acids, which will be shown to be mono-substitution products of 
propionic acid. It will be shown that a-chlor-propionic acid 
can be transformed into a lactic acid the structure of which is 
represented by the formula CH3.CH( OH). CO2H, and that, by 
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replacing the hydroxyl of mis lactic acid by chlorine, a-chlor- 
propionic acid is formed. If therefore follows that formula (2) 
above given is that of a-chlpr-propionic acid, and formula (1) 
that of )8-chlor-propionic acia. Further, any mono-substitution 
product of propionic acid yhich can be made directly from 
a-chlor- propionic acid, or coiverted directly into this acid, is an 
a-product, and has the general formula 

CHs.CiHX.COgH; 

and, similarly, the )8-product4 have the general formula 

in which X represents any unriralent atom or group. 

Butyric acids, C^UsO^CMi-OOJEL). 

Normal butync acid^ CH3.CH2.CH2.CO2H. When butter is 
boiled with caustic potash, the potassium salts of but3Tic acid and 
of some of the higher members pf the series are found in the solu- 
tion at the end of the operationl Butter, like other fats, belongs 
to the class of bodies known as^ ethereal salts ; and these, as we 
have seen, when boiled with the alkalies are decomposed, yielding 
alcohol and alkali salts of acids (saponification) . In the case of 
butter and of nearly all other fats, the alcohol formed is glycerin. 
Butyric acid occurs also in many other fats besides butter. 

It is made most readily by fermentation of sugar by what is 
known as the butyric acid ferment. This ferment probably is 
contained in putrid cheese. HlBnce, to make the acid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
certain quantities of putrid cheiese and sour milk are added, 
and also some powdered chalk, j At first the sugar is converted 
into glucose : — \ 

C12H22OU + HgOi, = 2 CeHiA. 

Cane sugar. < G-lucose. 

f 

The glucose breaks up, yielding laictic acid, CgHgOa : — 

CeHi206 = 2 CgHgOg. 

Olucose. Lactic acid. 



V 
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I 

And, finally, the lactic icid is converted into butyric acid : — 

2 CsHeOg 1= C4H8O2 + 2 CO2 + 4 H. 

Other methods for the preparation of butyric acid are : — 

(1) By oxidation of i^ormal butyl alcohol ; and 

(2) By treating normal propyl cyanide, CHg.CHg.CHgCN, 
with caustic potash. 

The acid is a liquid having an acid, rancid odor, like that of 
r ancid but ter. It boils at [163°. ( Compare with the precedin g 
acids .) Like the lower liembers of the series it mixes with 
water in all proportions, j 

Ethyl biUyrate^ C3H7.CO1C2H5, has a pleasant odor resembling 
that of pineapples. It is |used under the name of e ssence o f 
pineapple s. ! 

Isobutyrio acid, ^5^ > CH.CO2H. — From the two propyl 

alcohols the two chlorides, 'propyl chloride, CH3.CH2.CH2CI, 

CH 
and isopropyl chloride, ^^^^ > CHCl, can be made, and from 

these the corresponding C3'anides, — 

Propyl cyanide . , . . . CHg.CHg.CHgCN, 

CH 
and Isopropyl cyanide .... ^ > CHCN. 



CH 



3 



By boiling with caustic potash, the former is converted into 

normal butyric acid, as stated above ; while the latter yields 

CH 
isobutyric acid, '>CH.C02H. This acid maj' be prepared 

' CH 

also by oxidizing isobutyl alcohol, •'>CH.CH20H. It is 

CH3 

found in nature in the carob bean. 

Isobutyric acid is a liquid which boils at 154°. Its odor is 
less unpleasant than that of the normal acid. 

Valeric acids, CgHioOzCC^g.COzH). — Four carboxyl de- 
rivatives of the butanes are possible. Four acids of the 
foimula C5H10O2 are known. 



r 
/ 
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/ CH 
Inactive or ordinary valeric lEicid, qS* > OH.CH2.OO2H. 

— This acid is made by oxidiz^g inactive amyl alcohol. It 
may also be made (and this reaction reveals the structure of 

CH 

the acid) by starting with iabbutyl alcohol, ^>CH.CH20H, 

converting this first into the iihloride and then into the cyanide, 

\ CH 

and, finally, transforming the (wanide, which is ' > CH.CH,CN, 

into the acid. It occurs in valerian root, whence its name. It 
is an unpleasant smelling liquid, boiling at 175^. It requires 
thirty parts of water for solution. 

Axa^ valerate, C4H9 . C02C^Hn, has the odor of apples, and is 
used under the name of esaerice ofanvlea. 



Active valeric acid, i^^ > CH.CH2.OH3- — This acid 

is prepared by oxidation of active am^'l alcohol. Although the 
alcohol turns the plane of |>olarization to the left, the acid 
turns it to the right. The alcohol is said to be loiva^tcUory, 
and the acid dextro-rotc^ory . , 



The higher acids of the series are, for the most part, found 
in various fats. They are difficultly soluble in water. The 
highest members are solids. The two best known, because 
occuiTing in largest quantity, are palmitic and stearic acids. 
These are contained in combination with the alcohol, glycerin, in 
all the common fats. The fats will be treated of under the 
head of Glycerin. 

Palmitic acid, CigHai.COj^, may be made by saponifying 
many fats, but especially palTn-oil, from which it is obtained 
mixed with only one other acid. 

It crystallizes in needles which melt at 62®. 

Stearic acid, C17H36.CO2H, is the acid contained in that 
particular fat known as stearin. The so-called *^ s tearin o |m- 
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dies" are really made of a mixture of palmitic and stearic 
acids, and from them stearic acid can be separated in pure form 
by long-continued fractional crj^stallization from ether and 
alcohol. 

It cr^'stallizes from alcohol in needles or laminae which melt 
at 69°. 

Soaps. — In speaking of the decompositions of ethereal salts 
by boiling with alkalies, it was stated that this process is 
called saponification because it is best exemplified in the manu- 
facture of soaps from fats. The fats are themselves rather 
complicated ethereal salts. When they are boiled with an 
alkali, as caustic soda, the alcohol is liberated, and the alkali 
salts of the acids are formed. These salts are the soaps. They 
are in solution after the process of saponification is completed, 
and may be separated by adding; a solution o f common salt, in 
which they are insoluble. 

Elxperiment 33. In an h'on pot boil about IOOk of lard with a 
solution of caustic soda for two hours. After cooling, add a strong 
solution of sodium chloride. The soap will separate and rise to the 
top of the solution, where it will finally solidify. Dissolve some of 
the soap thus obtained in water, and filter. Add hydrochloric acid, 
when the free fatty acids, mainly palmitic and stearic acids, will 
separate as solids, which will rise to the top. The hydrochloric acid 
simply decomposes the sodium palmitate and stearate, giving free 
palmitic and stearic acids and sodium chlorides : — 

CisHgi-COaNa + HCl = CisHgi.COaH + NaCl, 
Sodium Palmitate. Palmitic Acid. 

and C^Hgj.COaNa + HCl = C17H35.CO2H + NaCl. 

Sodium Stearate. Stearic Acid. 



The remaining derivatives of the higher members of the 
parafiSn series include the ethers, ketones, ethereal salts, 
mercaptans, sulphur ethers, sulphonic acids, cyanides and 
isocyanides, cyanates and isocyanates, sulpho-cyanates and 
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iso-sulpho-cyanates, substituted ammonias and analogous com- 
pounds, metal derivatives, and nitro-derivatives. 

A great many substances belonging to these classes, and 
containing residues of the higher hydrocarbons, have been pre- 
pared and studied ; but, in the main, they so closelj" resemble 
the simpler substances which have already been described that 
we would gain nothing by taking them up here individually. 
The student, however, is earnestly advised to apply the princi- 
ples discussed in the first part of the book to a few other cases. 
Thus, let him take propane and butane, and, not only write the 
formulas of the derivatives which may be obtained from them, 
but, above all, write the equations representing the action in- 
volved in their preparation, and the transformations of which 
they are capable. 

POLYACID ALCOHOLS AND POLYBASIC ACIDS. 

1. Di-AOiD Alcohols. 

The alcohols thus far considered are of the simplest kind. 
They correspond to the simplest metallic hydroxides, as potas- 
sium hydroxide, KOH. Just as these simplest metallic hydrox- 
ides are called mon-add hases^ so the simplest alcohols are 
called mon-acid alcohols,^ expressions which are suggested by 
the term mono-basic add. But, as is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(0H)2, barium 
hydroxide, Ba(0H)2, etc., which contain two hydroxyls, and 
are hence known as di-acid bases; and so, too, there are di-acid 
alcohols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one 
alcohol of this kind, derived from the paraffin hydrocarbons, is 
well known. 

Ethylene alcohol or grlycol, OzHgOzCCaHiCOHla]. — Glycol 
is made by starting with ethylene, a hydrocarbon of the formula 

1 The expreBslon monatomic alcohols is used by some writers, but, as it is confusing, 
it is gradually giving way to the more rational expression above used. 
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C2H4. When this is brought together with bromine, the two 
unite directly, forming ethylene bromide^ C2H4Br2. By replacing 
the two bromine atoms by hydroxyl, ethylene alcohol or glycol 
is formed. 

It is a colorless, inodorous, somewhat oily liquid, which boils 
at 197.5°. It has a sweetish taste, and is hence called glycol 
(from yXvKvs, sweet). Hence, further, the other alcohols of 
this series are also called glycols. 

The derivatives of ethylene alcohol are not as numerous 'as 

those of the better known members of the methyl alcohol series, 

but those which are known are of the same general character. 

The reactions of the alcohol are the same as those of the mon- 

acid alcohols, but it presents more possibilities. In most cases 

in which a mon-acid alcohol yields one derivative, ethylene 

alcohol yields two. Thus, with sodium, the two compounds, 

ONa ONa 

sodium glycol^ CjH^ < ^„ , and dUsodium glycol^ CjH^ < , 

OH. ONa 

can be formed ; from these, by treating with ethyl iodide, the 

OC H 

two ethers, ethyl-glycol ether ^ CjH^ < _1^ ^, and di-ethyl-glycol 

OC H 
ether^ CjH^ < ^p^^r^? -are made. By treatment with hydro- 

2 5 Q^ 

chloric acid, the chloride, C^^^K ^ known as ethylene chloj'- 

OH 

hydrine is formed ; and this, by treatment with phosphorus tri- 
chloride, may be converted into ethylene chloride, C2H4CI2, etc. 
Its conduct towards acidsJlaJike that of a di-acid base. It 
forms neutral and cUc^^icsalts. of which the acetates may 
serve as examples. Thus we have the 



Mono-acetate^ C2H4< 



o.amo 



2"3^ 



OH 
and the Di-acetate, C2H4 < 



1 



OC2H3O 



oamo ' 



2^-13'' 



the former still containing alcoholic hydroxyl and corresponding 
to a oasic salt ; the latter being a neutral compound. 
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Ethyl alcohol, as was pointed out, may be regarded either as 
ethane in which one hydrogen is replaced by hydroxyl, or as 
water in which one hydrogen is replaced by the radical C2H5, or 
ethyl. Ethyl, like all the radicals contained in the mon-acid 
alcohols, is univcdent. It is ethane less one atom of hydrogen, 
just as methyl is methane less one atom of hydrogen. Each 
has the power of uniting with one atom of hydrogen, or another 
univalent element, or of taking the place of one atom of 
hydrogen. 

If we take away two atoms of hydrogen from methane and 
ethane, we have left the residues or radicals CHg and C2H4. 
These can unite with two atoms of hydrogen, or take the place 
of two atoms of hydi'ogen, and they are hence called bivalent 
radicals. 

Just as ethylene alcohol may be regarded as ethane in which 
two hydrogen atoms are replaced by hydroxy Is, so it may be 
regarded as water in which the bivalent radical ethylene re- 
places two hydrogens belonging to two different molecules of 
water : — 

Two molecules water. Ethylene alcohol. 



The higher members of the series of di-acid alcohols will not 
be considered here. 

2. Dibasic Acids. 

Just as there are di-acid alcohols derived from the paraffins, 
so there are dibasic acids which may also be regarded as deriva- 
tives of the paraffins. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
carbonic acids ; that they may be regarded as derived from the 
latter by replacement of a hydroxyl 'by a radical, or as derived 
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from the paraffins by the introduction of the group carboxyl, 
COjH. The conditions existing in this group are essential to 
the acid properties. If two carboxyls be introduced into marsh 
gas, we would have a substance of the formula CH2(C02H)2, 
and this is a dibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid and neutral 
salts, like other dibasic acids. It may be regarded also as 
derived from two molecules of carbonic acid by the replacement 
of two hydroxyls by the bivalent radical CHg : — 

Two molecalee carbonic acid. Dibasic acid. 




of preparation available for the building 
up of the series of dibasic acids are modifications of those used 
in making the monobasic acids. They are : — 

1. Oxidation of di-add primal^ alcohols. Just as a mon- 
acid primary alcohol, R.CH2OH, yields by oxidation a mono- 
basic acid, so a di-acid primary alcohol, R"(CH20H)2, yields a 
dibasic acid, R"(C02H)2. 

2. Treatment of the dicyanides, R''(CN)2, ^o^th caustic alkalies, 

3. Oxidation of the so-called hydroxy-acids or alcohol acids. 
These are compounds which are at the same time alcohol and 
acid ; as, for example, hydroxy- acetic acid, which is acetic acid 
in which one of the hydrogen atoms of the hydrocarbon residue, 
methyl, has been replaced by h3'droxyl, as represented in the 



CH2OH 



formula I . When this is oxidized, the alcoholic portion, 

CO,H 

CH2OH, is converted into carboxyl, and a dibasic acid is formed. 

4. From the cyanogen derivatives of the monobasic acids, 

CN 
such as cyan-acetic acid, CH^ < rrk m' ^^ *^® transformation of 

the cyanogen group into cai*boxyl. 
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Oxalic 

Malonic 

Succinic 

Pyrotartaric 

Adipic 

Pimelic 

Suberic 

Azelaic 

Sebacic 

Brassylic 

Roccellic 



DIBASIC ACIDS, CnH2u-204. 

acid (COaH)^. 

" CH2(C02H)2. 

" C2H4(C02H)2. 

" C3He(C02H)2. 

" C4H8(C02H)2. 

" C«Hio(C02H)2. 

" CflH,2(C02H)2. 

" C7Hh(C02H)2. 

" C8Hie(C02H),. 

'' CgH^sCCOaH)^. 

" C,5H3a(C02H)2. 



Of the many acids included in this list only four or five can 
be said to be well known. We may confine our attention to the 
first four members. 



Oxalic acid, CzHaOiCIOOaHla]. — In one sense, according to 
the accepted definition, oxalic acid is not a member of the series 
with which we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxyls by a bivalent radical. Still it is in other respects 
so closely allied to the members of the series, and has so many 
things in common with the other members, that it would be a 
mere act of pedantry' to consider it in any other connection. 

Oxalic acid occurs very widely distributed in Nature ; as in 
certain plants of the oaxiUs varieties, in the form of the acid 
potassium salt ; as calcium salt in many plants ; in urinary 
calculi ; and as the ammonium salt in guano. 

It is formed by the action of nitric acid upon many organic 
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substances, particularly the different varieties of sugar and the 
so-called carbohydrates, such as starch, cellulose, etc. 

Experiment 34. In a good-sized flask pour half a litre of ordinary 
concentrated nitric acid (of specific gravity 1.245) upon 60« of sugar. 
Heat gently until the reaction begins. Then withdraw the flame, wlien 
the oxidation will proceed with some violence, and accompanied by 
a copious evolution of red fumes. When the action has ceased, 
evaporate the liquid to one-sixth the original volume, and let it 
cool, wlien oxalic acid will crystjiUize out. Recrystallize from water 
the acid thus obtained, aud with the pure substance perform such ex- 
periments as will exhibit its properties. For example, (1) Heat a 
specimen at 100"*, and notice loss of water; (2) Heat some in a small 
flask with sulphuric acid, aud prove that both oxides of carbon are 
formed. 

On the large scale, oxalic acid is made by heating wood 
'^ JL shavings or saw-dust with caustic potash and caustic soda to 
Ajl/K^246° to 250°. The mass is extracted with water, and the solu- 
y\ tion evaporated to crystallization, when sodium oxalate is de- 
posited. 

Other methods, which are interesting from a purely scientific 
stand-point, are the following : — 

1. The spontaneous transformation of an aqueous solution of 

cyanogen : — 

CN CO2H 

1 -1-4H2O = I + 2NH8; 
CN CO2H 

CN COaCNHO 

or, reaUy, | + 4 H^O = | 

CN C02(NH4) 

2. Treatment of carbon dioxide with sodium : — 

2 CO2 4- 2 Na = C204Na2. 

3. Heating sodium formate : — 

2H.C02Na = C204Na2 -h 2H. 
Oxalic acid crystallizes from water in monoclinic prisms con- 
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taining two molecules of water (CgHjO^ + 2 H2O) . It loses 
this water at 100°. It sublimes without decomposition at 150° 
to 1 60°, but, if heated higher, it breaks up into carbon monox- 
\yi ide, carbon dioxide, and formic acid : — 

A /' 2 CsHA = 2 CO2 + CO + HCO2H -f H2O. 

V Sulphuric acid decomposes it into carbon monoxide, carbon 
dioxide, and water. Heated with glycerin to 100°, carbon 
dioxide and formic acid are formed (see Formic Acid) : — 

C2H2O4 = CO2 + H.CO2H. 

It is an excellent reducing agent, and is used as a standardizer 
in preparing solutions of potassium permanganate. 

Experiment 35. Try the action of a solution of potassium per- 
manganate on a solution of oxalic acid. Why is it best to have the 
solution of the permanganate acid? 

Oxalic acid is an active poison. It is used in calico printing. 

SoUsof^jjajJ^^lgi^ Like all bibasic acids, oxalic acid forms 
acid and neutral salts with metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon are the acid potassium salt^ C2O4HK, which is found in the 
sorrels or plants of the oxalis variet}''; the amTnonium salty 
C204(NH4)2, of which some urinary calculi are formed ; and 
calcium oxalate, C204Ca, which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of magnesium. 

Malonio acid, 03H|Oi[= CH.ICOaHJa]— This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malonic acid. It can best be made by starting with 
acetic acid. The necessary steps are : (1) making chlor-acetic 
acid ; (2) transforming chlor-acetic acid into cyan-acetic acid ; 
(3) heating cyan-acetic acid with an alkali, 

Note for Student. — Write the equations representing the three 
steps mentioned. 



n 
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It is a solid which crystallizes in laminae. It breaks up at a 
temperature above 132°, which is its melting-point, into carbon 
dioxide and acetic acid : — 

^H2<^S'^ = CHa.CO^H + CO2. 

Note for Student. — What simple method for the preparation of 
marsh gas and other paraffins is this reaction analogous to? 

Succinic €bcids, 04H6O4[= CaHilOOaHJa]. — Considering 
these acids as derived from ethane by replacing two hydrogens 
with carboxyl, we see that there may be two corresponding to 
ethylene and ethylidene chlorides. Two are actually known. 
One is the well-known succinic acid; the other is called iso- 
succinic add. 

CH-i . CO2H 
Succinic acid, Ethylene succinic acid, I . — 

01X2 . GO2H 

This acid occurs in amber (hence its name, from Lat. succtnum^ 
amber) ; in some varieties of lignite ; in many plants ; and in 
the animal organism, as in the urine of the horse, goat, and 
rabbit. 

It is formed under many circumstances, especially by oxida- 
tion of fats with nitric acid, by fermentation of calcium malate, 
and, in small quantity, in the alcoholic fermentation of sugar. 
Among the methods for its preparation are : — 

CH2.CN 

1. Treatment of ethylene cyanide, | , with a caustic 

alkali:— CH^.CN 

CHaCN CH2.CO2K 

I +2 KOH + 2 H2O = I -I- 2 NHg. 

CH2CN CH2.CO2K 

2. Similarly, by treatment of ^-cyan-propionic acid with an 
alkali. (What is )3-cyan-propiouic acid ?) 

3. Reduction of tartaric and malic acids by means of 
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hydriodic acid. These well-known acids will be shown to be 
closely related to succinic acid, and the reaction here mentioned 
will be explained. The methods actually used in the prepara- 
tion of succinic acid are: (1) the distillation of amber, and 
(2) the fermentation of calcium malate. 

The acid crystallizes in monoclinic prisms, which melt at 
180® (try it). It boils at 235®, at the same time giving off 
water, and being converted into the anhydride : — 

Among the salts ferric sticcinate, C4H404.Fe(OH), is of 
special interest, as it is entirely insoluble in water, and may 
therefore be used for the purpose of separating iron from 
manganese quantitatively. 

Experiment 36. Make a neutral solution of ammoniura succinate 
by neutralizlug an aqueous solution of the acid, and boiling off all 
excess of ammonia. Add some of this solution to a Solution known to 
contain manganese and iron in the ferric state. A brown-red precipi- 
tate will be formed. Filter and wash, and examine Ihe filtrate for iron. 

0H(0O2H)a 

Isosuccinic acid, Ethylixlene succinic jacid, I 

CHs 
This acid is made by treating a-cyan-propionic acid with an 

alkali. (What is a-cyan-propionic acid?) 

Isosuccinic acid forms crystals which melt at 130°. Heated 

to 150° it breaks up into propionic acid and carbon dioxide : — 

CH(C02H)2 CH2.CO2H 
I =1 + CO2. 

CHs CHs 

Iflosticcinlc add. Propionic acid. 

Note for Studbnt. — Notice carefully the difference between the 
two succinic acids, as shown by their conduct when heated. What is 
the difference? 

Acids of the formula C5H804[= CaHelCOzHlz]. — Four 
acids of the formula CgHgO^ are known, only one of which, 
however, need be considered here. This is, — 



^ 

w 
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CH3.CH.OO2H 

Pyrotartartio acid, I . — As the name indi- 

CH.COaH 

cates, this acid is made b^- heating tartaric acid. The reactions 
which take place are complicated, and cannot well be represented 
by equations. The reactions which point to the above formula 
are also comparatively complicated, and their discussion at this 
time would tend only to confuse the student# 

Tri-acid Alcohols. 

The existence of mon-acid alcohols corresponding to the 
mon-acid bases, like potassium hydroxide, and of di-acid alco- 
hols corresponding to the di-acid bases, like calcium hydroxide, 
suggests the possible existence of tri-acid alcohols correspond- 
ing to tri-acid bases, like ferric hydroxide. There is only one 
alcohol of this kind derived from the paraffin hydrocarbons that 
is at all well known. This is the common substance glj'cerin. 




^ 



Q-lyoerin, OcHaOa. — As has been stated repeatedly, glycerin 
occurs very widely distributed as the alcoholic or basic constit- 
uent of the fats. The acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., oleic 
acid^ which is found frequently, is a member of another series. 
Besides oleic acid, the two acids most frequently met with in 
fats are palmitic and stearic acids. When a fat is saponified 
with caustic potash, it yields free glj^eerin and the potassium 
salts of the acids. The reactions in the case of the glycerin 
compounds of palmitic and stearic acids are these : — 

Formation. 

rOH HO.OC.CisHai rO.CO.Ci^Hgi 

CsHJ oh + HO.OC.C15H31 = CgHJ O.CO.C15H31 + 3 H2O. 
lOH HO.OC.CuHgi (0.CO.C15H31 

Glycerin. Palmitic acid. ^^fpaiffin"''**"* 
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r OH HO.OC.C17H35 r O.OC.C17H35 

C'oHs ] OH + HO.OC.Ci^Hss = C3H3 ] O.OC.CiyHss + 3 HgO. 
(oh HO.OC.CiyHgs (o.OC.CiyHas 

Glycerin. Stearic Acid. ^^^''^''^sl^ri^™^' °'' 

Saponification . 

r O.OC.C^Hsi 
CyiJ O.OC.Ci^Ha, ^- .TKOH = C3H5(OH)8 + SCi^Hsi.COaK. 

(.O-OCCiiiHai Glycerin. Potassium palmitate. 

Palmitin. 

rO.OC.C„H» 
C3H5] O.OC.C17H35 + 3 KOH = C3H5(OH)3 + 3 C17H35.CO2K. 

( O.OC.C17H35 Glycerin. Potassium stearate. 

Stearin. 

The fats are also decomposed by superheated steam, yielding 
free glycerin and the free acids, and this method is used on the 
large scale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding a mixture of glycerin and 
the lead salts of the acids. The mixture is known in medicine 
as " leadplagjfr." 

Glycerin is formed in small quantity by the alcoholic fermen- 
tation of sugar. 

. It has been made synthetically from propylei 

& ^ .CsHgCla. The necessary steps are : (1) treatment with chlorine, 

v giving C3H5CI3; (2) treatment of the tri-chlorine derivative 

with water, thus replacing che iHjee chlorine atoms by hydroxy 1. 

Glycerin is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts moisture from the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
at 17°. Under diminished pressure it can be distilled ; but, if 
heated to its boiling-point under the ordinary atmospheric pres- 
sure it undergoes decomposition. It is volatile with water 
vapor. 
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Experiment 37. Heat a little glycerin in a dry vessel, aud try to 
boil it. What evidence have you that it undergoes decomposition? 
Put 20» to 30CC glycerin in 400«« to 500cc water in a flask ; connect with 
a condenser, and boil. Prove that glycerin passes over with the water 
vapor. 

The reactions of glycerin all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced successively 
by chlorine, giving the compounds, — 

Chlorhydrin, CgHsj /qjjn ; 

Dichlorhydrin, CsHg -j ^|j ; 

and Trichlorhydnn, C3H5CI3, 

which last compound is propane in which three hydrogen atoms 
are replaced by chlorine, or trichlorpropane. 

(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetyl chloride these reactions take place : — 

rOH rCCaHgO 

1. C3H5] OH + C2H3O.CI = C3HJ OH + HCl. 

(.OH (oh 

rOH rOC2H30 

2. C3H5 ] OH + 2 C2H3OCI = C3H5 ] OC2H3O + 2 HCl. 

(.OH (oh 

r OH r OC2H3O 

3. CgHs] OH + 3 C2H3OCI = C3H5] OC2H3O + 3 HCl. 

(oh ( OC2H3O 

In regard to the relations of the hydroxyl groups to the parts 

of the radical C3H5, we have ver^- little experimental evidence, 

though it appears highly probable that each hydroxyl is in 

combination with a different carbon atom as represented in th^ 
CH3OH 

formula CHOH . 
I 
CH,OH 
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In the first place, we have seen above that compounds con- 
taining two hydroxyls in combination with the same carbon 
are not readily formed, if they are formed at all, and we have 
had some reason for concluding that this kind of combination 
is impossible. It would follow from this that the simplest tri- 
acid alcohol must contain at least three atoms of carbon, just 
as the simplest di-acid alcohol must contain at least two atoms 
of carbon. We have seen that the simplest tri-acid alcohol 

known does contain three atoms of carbon. 

CH»OH ^ 

I 
Further, if the formula of glycerin is CHOH , it contains two 

CH2OH 
primary alcohol groups, CHgOH, and we have seen that this 
group is converted into carboxyl under the influence of oxidiz- 
ing agents. Therefore, we would expect by oxidizing glycerin 

COoH COoH 

I I ' 

to get products of the f onnulas, CHOH , and CHOH. Such prod- 

I -- I 

CH2OH COgH 

nets actually are obtained, the first being glyceric acid (which 

see), and the second tartronic add (which see). 

Just as ethyl alcohol is regarded as water in which one 

C H ) 

hydrogen is replaced by the univalent radical C2H5, as '^ ^ [ O ; 

' « H ) 

and glycol is regarded as water in which two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 

^ >0 
C2H4, as C2H4 «^ ^ ; so also glycerin may be regarded as water 

H ^^ 
in which three hydrogen atoms of three molecules are replaced 
by the trivalent radical CgHs, thus : — 



H.OH 


rOH 


H.OH 


CjH, ] OH. 


H.OH 


(oh 


Three molecules water. 


Glycerin. 
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Ethereal salts of glycerin. — Among tho important 
ethereal salts of glycerin are the nitrates. Two of these are 

rO.NOa 
known ; viz., the mono-nitrate, CgHg-j OH , and the tri-nitrate, 

I OH 
C3H5(ON02)3, the latter being the chief constituent of nitro- 
glycerin. Nitro-glycerin is prepared by treating glycerin with 
a mixture of concentrated sulphuric and nitric acids. It is a 
pale yellow oil which is insoluble in water. At —20° it 
crystallizes in long needles. It explodes very violently by 
concussion. It may be burned in an open vessel, but if heated 
above 250° it explodes^ Dynamite is infusorial earth impreg- 
nated with nitro-glycerin. Nitro-gljcerin is the active constitu- 
ent of a number of explosives. 

O? Fats. — The relation of the fats to glycerin has already been 
stated. Here it will be necessary only to mention the composi- 
tion and characteristics of some of the more common fats. 

Most fats are mixtures of the three neutral ethereal salts 
which glycerin forms with palmitic, stearic, and oleic acids, 
and which are known by the names palmitin, stearin, and oMn. 
Olein is liquid, and the other two fats are solids, stearin having 
the higher melting-point. Therefore, the larger the proportion 
of olein contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its melting-point. Among the 
fats which are particularly rich in stearin may be mentioned 
mutton tallow, beef tallow, and lard. Human fat and palm oil 
are particularly rich in palmitin. Sperm oil and cod-liver oil 
are rich in olein. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids : myristic, palmitic, and stearic acids, which are not 
volatile, and butyric, caproic, caprylic, and capric acids, which 
are volatile with water vapors. All the acids mentioned are 
members of the fatty acid series. Some of these acids are 
soluble and some are insoluble in water. The percentage of 
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insoluble fatty acids contained in butter has been found to b^ 
88 per cent. As the proportion of insoluble fatty acids con- 
tained in artificial butters, such as the so-called oleo-margarin^ 
is greater than that contained in butter, it is not a difficult 
matter to distinguish between the two by determining the 

amount of these acids contained in them. 

* 

Tri-basic Acids. 

There is but one acid to be considered under this head. It 
is,— 

»^ Tri-carballylic acid, CaHslOOzHlj. — This acid may be 
made from trichlorhydrin, C3H5CI3 (which see), by replacing 
the chlorine b3' c3'anogen, and heating the tncyanhydrine thus 
obtained with an alkali. It may be made also by treating 
aconitic acid (which see) with nascent hydrogen. 

It crystallizes from water in rhombic prisms which melt at 
157° to 158°. 

Tetr-acid Alcohols. 

Brythrite, 04Hio04[=04H8(OH)J. — This substance occurs 
in one of the algae (Protococcus vulgaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has a very 
sweet taste. The fact that the simplest tetr-acid alcohol con- 
tains four atoms of carbon should be noted specially. 



There is no tetra-basic add derived from the hydrocarbons of 
the paraffin series. 

Pent- ACID Alcohols. 

Only one substance need be considered under this head, and 
even this one is rare. It is, — 

Quercite, 06H7(OH)> — Quercite is formed in acorns. It 
crystallizes in prisms from its solutions in water. 
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No pentorbasic add belonging to this series is known. 



i 



Hex-acid Alcohols. 

There are two isomeric hex-acid alcohols known. Both are 
derived from hexane, and have the composition represented by 
the formula C6H8(OH)q. It will be noticed that these hex-acid 
alcohols contain six carbon atoms each. 

Mannite, 06H8(OH)6. — Mannite is widelv distributed in 
the vegetable kingdom. It occurs most abundantly in manna/ 
which is the partly dried sap of the manna-ash {Fraxinus 
ornus) . It is obtained from incisions in the bark of the tree. 

Mannite is formed in the lactic acid fermentation of sugar. 
It is formed also by the action of nascent hydrogen on glucose 
and cellulose, or on inverted cane sugar. This indicates a close 
relationship between the sugars and mannite, Mannite crystal- 
lizes in needles, or rhombic prisms, which are easily soluble in 
water and in alcohol. It has a sweet taste. 

Nitric acid converts mannite into saccharic acid (which see) . 
When boiled with concentrated hydriodic acid, it is converted 
into secondary hexyl iodide, CeHjgl. 

Mannite hexa-nitrate (nitro-mannite), 06H8(O.NO2)6, is 
formed by treating mannite with a mixture of concentrated 
sulphuric and nitric acids. It is a solid substance and is very 
explosive. (Analogy with nitro-glycerin.) 

Mannite hex-acetate, OeHgiO.OaHaOle, is fonned by treat- 
ing mannite with acetic anhydride. Its formation, as well as 
that of the hexa-nitrate, shows that mannite is a hex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride is 
sometimes used instead of acetyl chloride. In some cases in 

1 The manna of the Scriptures web obtained from the branches of Tammarix gaUica. 
It contained no mannite, but a substance of similar properties. 



I* 
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which the latter will not work, the former answers very well. 
Hence acetic anhydride has come into use as a reagent, which 
enables us to decide whether a substance under examination is 
or is not an alcohol; and, if it is, to which class (whether 
mon-acid, di-acid, tri-acid, etc.) it belongs. 

Dulcite, G6H8(OH)a. — This occurs in a kind of manna 
obtained in Madagascar, the source of which, however, is 
unknown. It is formed by treating sugar of milk or galactose 
with nascent hydrogen (compare with mannite in this respect) . 

Dulcite crystallizes in monoclinic prisms ; easily soluble in 
water and in alcohol. 

Nitric acid oxidizes dulcite, forming mucic acid (which see) , 
isomeric with saccharic acid, which is formed from mannite. 
Like mannite, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, CgHigl. With acetic anhydride it yields dulcite 
hex-acetate^ C6H8(O.C2H80)e. 



There are no hexa-hasic acids known belonging to this series. 

Neither alcohols nor acids are known containing more than 
six alcoholic or acid groups. We have, therefore, completed 
an account of the alcohols, acids, aldehydes, ethers, etc., derived 
from the paraffin series of hydrocarbons. But we are not yet 
prepared to pass on to the next series of hydrocarbons. The 
compounds which up to this time have been considered belong 
to distinct classes. Each one, with very few exceptions, is 
either an alcohol or an acid, an aldehyde or a ketone, etc. 
The few exceptions referred to are the acid ethereal salts, such 

OHO 

as ethyl-sulphuric acid, '^ Jq > SO2? which may be regarded as 

both ethereal salt and acid at the same time, and the alcoholic 
ethereal salts, corresponding to basic salts ; such, for example, 

as glycerin mon-acetate^ C3H5 1 ,q^. ^ , which may be regarded as 

ethereal salt and alcohol at the same time. Such compoundB 
may be called mixed compounds. 



CHAPTER X. 

MIXED COMPOUNDS. - DERIVATIVES OP 

THE PARAFFINS. 

Uni>er this head are included such compounds as belong at 
the same time to two or more of the chief classes already con- 
sidered. Thus, there are substances which are at the same 
time alcohols and acids. There are others which are at the 
same' time alcohols and aldehydes, alcohols and ketones, acids 
and ketones, etc. Fortunately, for our purpose, the number 
of compounds of this kind actually known is comparatively 
small, though among them are many of the most important 
natural compounds of carbon. The first class which presents 
itself is that of the alcohol acids or acid alcohols; that is, sub- 
stances which combine within themselves the properties of both 
alcohol and acid. They are commonly called oxy-adds or 
hydroxy-acids. 

Hydroxy- ACIDS, CnHgnOs. 

These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxy 1 has been introduced, or as mon- 
acid alcohols into which one carboxyl has been introduced. As 
their acid properties are more prominent than the alcoholic 
properties, they are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of hydroxy-acids, each of which differs from the corres- 
ponding fatty acid by one atom of oxygen, or by containing one 
hydroxyl in the place of one hydrogen, thus : — 
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Fatty acids. Hydroxy-acids. 

Formic acid ... H .CO2H HO.CO2H. 
Acetic acid . . . CH3.CO2H CH2<^^ . 

Propionic acid . . C2H5 .CO2H C2H4 < . 

L/O2H 

etc. etc. 

The first member of the series, which by analogy would be 
jailed hydroxy 'formic acid, is nothing but our ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of the next member of the series to acetic 
[acid, it certainly has no properties in common with the alcohols ; 
[but, owing to its peculiar structure, it is a bibasic acid which 
the other members of the series are not. Nevertheless, it may 
I be referred to here for the sake of a few of its derivatives, 
which are somewhat allied to those of the hydroxy-acids proper. 

Carbonic acid, H20O8(0O<Q^j.— It is believed that 

this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble bibasic acid, and 
breaks up into water and carbon dioxide whenever it is set free 
from its salts. We have seen that this instability is generally 
met with in compounds containing two hydroxyls in combina- 
tion with one carbon atom. 

Among the derivatives of carbonic acid which may be re- 
ferred to at this time are the ethereal salts. These may be 
made : — 

1. By treating silver carbonate, CO < J:^^, with the iodides 

of alcohol radicals ; as, for example, — 

CO < 2^^ + 2 C2H5I = CO < 2^2H5 ^ 2 Agl. 
OAg ^ 2 * ^ OC2H5 ^ 

.2. By treating the alcohols with carbonyl chloride, COCI2 : — 

COCI2 + 2 CgH^OH = CO(OC2H5)2 + 2 HCl. 



^ m 
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CI 
Ethyl chlor-oarbonate, CO < Z.^ „ • — This compound 

UU2XI5 

is made by treating alcohol with carbon3'l chloride : — 

COCI2 4- C2H5OH = CO < ^^^ ^ + HCl. 

UO2XI6 

It may be regarded as the ethyl salt of mono-chlor- formic 
acid, Cl.COOH; and, properly- speaking, should be called ethyl 
cJtIor-formate. 

Carbon disulphide acts very much like carbon dioxide towards 
alkalies and alcohols, and thus a number of ether acids and 
ethereal salts containing sulphur may be made. Thus, when 
carbon/ disulphide . is added to a solution of caipftic potash in 

alcohol, a potassium salt of the formula CS < ^ ^ is formed. 

This is called pntn^RJu/rr^. oiu^/ji^thn^Mi^f. The free xanthogenic 
acid is very unstable, breaking up into alcohol and carbon 
disulphide. The formation of the salt is represented by the 
following equation : — 

CS2 -h KOH + C2H5OH = CS < ^^^Hs ^ JJ2O.. 

A similar salt made from ordinary amyl alcohol has been used 
for the purpose of destroying phylloxera^ the insect, which is so 
destructive to grape-vines, particularly in the wine districts of 
France. 



General methods for the ryrenaration nf hydrndmir-rLcida . The 
methods available for makingytiie hydroxy-acids are modifica- 
tions of those used for makinfg alcohols and acids. 

Starting from a mon-acid alcohol, we may make a hydroxy- 
acid bj'ithe same methods which we used in making an acid 
from a hydrocarbon. Suppose, for example, that we are to 
make acetic acid from marsh gas. The reactions which we 
make use of are : (1) the preparation of a halogen derivative ; 
(2) conversion of the halogen derivative into the cyanogen 
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derivative ; and (3) conversion of the cyanogen derivative 
into the acid. We describe the results of these operations by 
saying that we have introduced carboxyl. By similar opera- 
tions we may introduce carboxyl into methyl alcohol, and the 
product is hydroxy -acetic acid. 

It is, however, generally better to start from an acid and in- 
troduce hydroxyl. This may be done in several ways : — 

1. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 

Brom-acetic acid. 

2. By treating an amido derivative of an acid with nitrous 
acid (see page 98) ; — 

CH, < ^^'^ + HNO, = CH, < ^^ + N, + H,0. 

Amido-acetic acid. 

3. By treating a sulphonic-ncid derivative of an acid with 
caustic potash : — 

^^'^COH^ + KOH = CH2<^^jj + KHSO,. 

Salp bo-acetic acid . 

The first two of these reactions have been described and men- 
tioned as affording methods for the introduction of hjdroxyl 
into hydrocarbons. It will be seen that the only difference 
between the reactions used in making alcohols and those used 
in making hydroxy-acids is that in one case we start from the 
hydrocarbons, while in the other we start from the acids. 

^Glyoolic acid, hydroxy-acetic acid, oxy-acetic acid, 

02H4O3[= OH2 < pir-rT )• — Gly colic acid is found in nature in 

unripe grapes, and in the leaves of the wild grape (Ampelopsis 
fiederacea) . 
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It may be made from glycocoU, which is amido-acetic acid 
(see reaction 2, above J, from brom- or chlor-acetic acid and 
water (see reaction 1 , above) , by the oxidation of glycol : — 

CH2OH \ CO2H 

I t^2= I +H2O. 

CH2OH \ CH2OH 

Glycol. Glycolicacld. 

» 
I 

This consists in transforming one of the primary alcohol groups, 
CH2OH, contained in glybol into carboxyl. (What would be 
formed by conversion of both the primary alcohol groups of 
glycol into carboxyl ?) It may also be made by careful oxida- 
tion of ethyl alcohol with nitric acid. For this purpose a 
mixture of alcohol and nitrio acid is allowed to stand until no 
further action takes place. . 

Gly colic acid forms crystals which are easily soluble in water, 
alcohol, and ether. 

As an acid, gly colic acid forms a series of salts with metals, 
and ethereal salts with alcohol radicals. The latter, of which 
ethyl glj'colate may be taken- as an example, may be made b^' 
means of one of the reactiotos usually employed for making 
ethereal salts ; for example, ,by treating silver glycolate with 
ethyl iodide : — 

In this reaction, as well as in the formation of salts of gly colic 
acid, the alcoholic hydroxyl remains unchanged. 

As an alcohol, gljcolic acid forms ethers of which etJiyl- 

glycolic acid^ CR, < ^^'^ttN ^^y serve as an example. It will be 

seen that this is isomeric with ethyl glycolate. But while the 
hitter has alcoholic .properties, the former has acid properties. 
Ethyl glycolate is a liquid which boils at 160°. Ethyl-gly colic 
acid is a liquid which boils at 206° to 207°. Finally, as an 
alcohol, glj'colic acid forms ethereal salts, of which acetyl- 
gly colic acid may serve as an example. This is gly colic acid 
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in which the hydrogen of the pydroxyl is replaced by acetyl, 

CH2< ' i^* , bearing, as wil. be seen, the same relation to 

gly colic acid and acetic acid tlat ethyl acetate, C2H5.O.C2H3O, 
bears to alcohol and acetic acid. 

Glycolic acid and the othe • acids of the same series lose 
water when heated, and yield pe culiar anhydrides. The product 
obtained from glycolic acid ij known as ^jh^col^e. It has 
neither acid nor alcoholic pr 
lieved to be derived from gly 3olic acid as represented in this 



equation : — 



CH2< 



OH 
COOH 



-I 



O 
H2< 1 +H2O. 

CO 

Glycolide. 



Glycolide is insoluble in cold jwater. When boiled for a long 
time with water, it is converted' into glycolic acid. 



^^ Lactic acids, hydroxy-propionic acids, oxy-propionic 

acids, C3H603(=C2H4<^Q„j. —In speaking of propionic 

acid, it was pointed out that two series of substitution-products of 
the acid are known, which are designated as the a- and y8-series. 
Accordingly we would expect to find two hydroxy -propionic 
acids, the a- and the )8-acid. Two lactic acids have been 
known for a long time. One of these is ordinary lactic acid; 
the other a variety which is found in flesh, and hence called 
sarco4actic add. But, strange to say, a thorough investigation 
of these two acids has proved that both must be represented by 
the same structural formula, as both conduct themselves in 
exactly the same way towards reagents. And, further, one 
other hydroxy-propionic acid is certainly known, and even a 
fourth has been described. The facts then are these : three, 
and probably four, acids are known, all of which are hydroxy- 
propionic acids. Our theory enables us to foretell the existence 
of only two. Before discussing this discrepancy let us briefly 
consider the acids themselves. 
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^^1. Lactic acidJ inactive ethylidene-lactic arcid, e^-hy- 

\ OH! 

droxy-propionic akid, OH3.CH < ^^ — The chief method 

for making lactic /cid consists in the fermentation of sugar 
by the lactic-acid ferment. This process has already been 
described under the] head of Butyric Acid. It is carried out 
best by dissolving pane sugar and a little tartaric acid in 
water; then adding Iputrid cheese, milk, and zinc carbonate. 
The object of the anc carbonate is to prevent the solution 
from becoming acid, as the presence of free acid is fatal to the 
ferment. The sugar iis converted first into glucose, CgHi^Oe; 
and this then breaks up into lactic acid : — 

C0H12O6 = 2 CsHqOs. 

It will be remembered that by continued action of the ferment 
on the lactic acid, bu^ric acid is formed (see Butyric Acid). 
Lactic acid may be i^ade also by fermentation of sugar of 
milk, and is hence coiltained in sour milk ; by boiling a-chlor- . 
propionic acid with alkalies, — t 

and b}' treating alanin^ (a-araido-propionic acid) with nitrous 
acid, — 

CH3 .CH < ^^'^ + I^NO^ = CH3 .CH < ^H^ + N2 + H2O. 

Lactic acid is a thicK liquid which mixes with water iind 
with alcohol iti all proipitions. 

Treated with hydrioduj acid, it is reduced to propionic acid. 
Treated with hydrobromfc acid, it yields a-brom-propionic acid. 

♦ 2. Sarco-lactio acid, active ethylidene-lactic acid, 

CH3.CH < 55rTT- — "^^^^ ^^^^ occurs in the liquids expressed 
CO2H 

from meat. It is therefore contained in "extract of meat," 
and may be obtained most readily from this source. 



162 DBBIVATIVES OF THE PARAFFINS. 

Its properties are, for the most part, like those of inactive 
lactic acid, and its conduct towards reagents is in all respects 
the same. Its sa lts are somewhat more ^a^wily fi^]^]]^1p than 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the a ction towards polarized 
light. Active lactic acid turns the plane of polarization to the 
right. It is dextro-rotator}'. Its salts are all laevo-rotatory. 
On the other hand, neither inactive lactic acid nor its salts 
exert any action upon polarized light. ^ 



3. Hydracrylic acid, | CH2OH 

P-Hydroxy-propionic acid, J OH, .OO^h' 
Hydracrylic acid is made by boiling ^-iodo-propionic acid with 
water or silver oxide and water : — 



-t J 



CH2I CH2.OH 

I + HHO =1 + HI. 

GH2 . CO2H CH2 • CO2H 

CHj 
It is made also by starting with ethylene, I . When this 

CHj 

hydrocarbon is treated with hypochlorous acid, HOCl, it is con- 

CH,C1 
verted into ethylene-chlorhydrine, | (which see), which 

CH2OH 

ma}^ be made by treating ethylene alcohol with hydrochloric 
acid * ~~~ 

CH2OH CH2CI 

I + HCl = I + H2O. 

CH2OH CH2OH 

By replacing the chlorine with cyanogen, and boiling the cyan- 

CH2OH 
hydrine, I , thus obtained, with an alkali, hydracrylic acid 

CH^CN 
is obtained. 

These reactions clearly show that hydracrylic acid is an 

ethylene compound, and, as it is made from /8-iodo-propionic 



^ See active and Inactive amyl alcohols, p. 126. 




^' 
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acid by replacing the iodine with hydroxyl, it follows further 
that the ^-substitution-products of propionic acid are ethylene 
products, and that the a-products are ethylidene products (see 
p. 131). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. When heated, it 
loses water and is transformed into acrylic acid, CH2.CH.CO2H .. 

( which see) . ^\> 

The difference in conduct between ethylidene-lactic acid and "^ ' 
ethylene-lactic acid, when heated, is interesting and suggestive. 
When ethylidene-lactic acid is heated, both its acid and alco- 
holic properties are destroyed, both the alcoholic and acid 
hydroxyls taking part in the reaction. Whereas, when ethyl- 
ene-lactic acid is heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

4. Ethylene-lactic acidl — A fourth hydroxy-propionic 
acid, called ethylene-lactic acid, has been described as occur- 
ring in meat. There appeaj-s, however, to be some little doubt 
in regard to its existence. 

Without reference to the (fourth doubtful lactic acid, the fact 
remains that there are mo|re hydroxy-propionic acids known 
than our theory can account for. Other cases of this kind are 
known, and one very marked and especially interesting one 
will be referred to when tartaric acid is considered. It will be 
shown that just as there is ;in active and an inactive lactic acid, 
so there is an active and an inactive tartaric acid, which con- 
duct themselves in the sarjie way towards reagents, and must 
hence be represented by thej same structural formula. 

Apparently we have here Ito deal with a new kind of isome- 
rism. Bodies may conduct themselves chemically in exactly 
the same way, and 3'et differ in some of their physical proper- 
ties, as in their action towards polarized light. To distinguish 
this kind of isomerism from brdinary chemical isomerism it is 
caXLed physical isomerism. \ 

t 
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An ingenious hypothesis has been put forward by way of 
explanation of that particular kind of physical isomerism which 
shows itself in the action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and groups in 
space. The}' i ndicate chemical relations which ar e discovere d 
by a s tudy of chemical reactions . At present, it is hazardous 
to" indulge in speculations regarding the relations of the parts 
in space, and, while the hypothesis which is to be explained 
briefly is ingenious and interesting, the student should be careful 
not to be carried away by it. He should remember that it is 
only a thought. 

Let us suppose that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedron, and that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron as represented in Fig. 10. 

If these groups are all different in kind, and only in this 
case, it is possible to arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange- 





ments is that which is observed between either one and its 
reflection in a mirror. Imperfectly the second arrangement of 
the figure above represented is shown in Fig. 1 1 . 

A carbon atom, in combination- with four different kinds of 
atoms or groups, is called an asymmi4riccU carbon atom. 
Whenever, therefore, a compound contains an asymmetrical 
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carbon atom, there are two possible arrangements of its pJre^ 
in space which correspond to the two complementary tetra- 
hedrons, viz., the right-handed and the left-handed tetrahedron. 
In ethylidene lactic acid there is an asymmetrical carbon atom, 
as shown by the ordinary formula, which may be written thus : 

H 
I 
CH5 — C — OH, the central carbon atom appearing in combination 

CO2H 
with (1) hydrogen, (2) hydroxyl, (3) carboxyl, and (4) methyl. 
Hence, according to the hypothesis just stated, there ought to 
be two possible arrangements of the parts of a compound 
containing this group, one corresponding to the right-handed 
tetrahedron, the other to the left-handed tetrahedron. Both 
would be ethylidene-lactic a/Ms. Thus we" have at least a 
plausible explanation of the existence of two ethylidene-lactic 
acids. 

Note for Student. — Has active amyl alcohol an asymmetrical 
carbon atom ? 

There are several hydroxy-butyric and valeric acids known, 
but they need not be considered here. 



HyDROXY-AOIDS, CnH2n04. 

The acids just considered may be called monohydroxy-mono- 
basic adds. Similarly, there are dihydroxy -monobasic acids ^ 
which may be regarded as derived from the monohydroxy-acids 
by the introduction of a second hydroxyl. Thus, if into lactic 

P() H 

acid, CH3.CH< J' , a second hydroxyl be introduced, the 

CH2.OH 

product would have the formula CH.OH. This is the best 

I 
CO2H 

known dihydroxy -monobasic acid of the paraffin series. 



166 DERIVATIVES OF THE PAKAFFINS. 

/ OHaOHx 

Glyceric acid, GsHeOi = OHOH . — This acid has been 

V CO2H' / 

referred to as the first product of the oxidation of glycerin. It 
is prepared by allowing glycerin and nitric acid to stand together 
at the ordinary temperature for some time, and then heating on 
the water-bath. It may be made also by treating one of the 
chlor-lactic acids with water. 

Note for Student. — Explain this reaction. 

Glyceric acid is a thick syrup which mixes with water and 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into ^-iodo-propionic acid. This conversion 
involves two reactions : — 

CH2OH CH2I 

I I 

(1) CHOH + HI = CHOH 4- HjO, and 

I I 

CO2H CO2H 

CHjI CH2I 

I I 

(2) CHOH + 2 HI = CH2 + H2O + 21. 

I .1 

CO2H dlOgH $ 



Hydroxy-acids, Cj^H^^iOs. 

The acids included under this head are monokydroxy-dibasic 
acids. They bear the same relation to the dibasic acids of the 
oxalic acid series that the simplest hydroxy-acids bear to the 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are 
tartronic acid and malic 'acid. 
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Tartronio acid, C3H40s(=CH(OH)<gg^g). — This acid 

is prepared by an indirect method from tartaric acid. It may 
be made, — 

(1) By boiling brom-malonic acid with silver oxide and 
water : — 

CHBr < ^^f^ + AgOH = CH(OH) < ^^^H ^ ^^g^ . 

(2) By treating brom-cyan-acetic acid with caustic potash : — 

= CH(OH) < J J^ + NHs + KBr. 

Tartronic acid is a solid which crystallizes in prismatic crystals. 
It is easily soluble in water, alcohol, and ether. It melts at 
182**. At 155° it gives off carbon dioxide and water, and is 
converted into glycolide (which see) : — 

(1) CH(OH)<CO.H.CH.<OH^+CO. 

CHycolic acid. 

OH ^ 

(2) CH2<^"^ = CH,< I + HA 



COjH 



CO 

Glycolide. 



Note for Student. — Compare reaction (1) with that which takes 
place when iso-succinic acid is heated, and note the analogy. 

f^ Hydroxy-succinic acids, 04H6O5(= C2H3(OH) < qq ^)- — 

Three hydroxy-succinic acids have been described, the principal 
one being ordinary malic acid. 

a / CHCPHl.COaHX 

^ Malic acid, O^HeOs = I \ . — This acid is very 

widely distributed in the vegetable kingdom, as in the berries 
of the mountain ash, in apples, cherries, etc. 

It is best prepared from the berries of the mountain ash 




168 DERIVATIVES OP THE PABAFFINS. 

which have not ^uite reached ripeness. The berries are pressed 
and boiled with milk of lime. The acid passes into solution as 
the calcium salt, a^d this is pqrified by crystallization. 

It may be made ai\so b}' treatpg aspartic acid, which is amido- 

CO H 

succinic acid, C,Hj(NH,) < ^^^^n with nitrous acid, and by treat- 

ing tartaric acid with hydriodlc acid. This latter reaction will 

be explained when tartaric a<^id is considered. Tartaric and 

malic acids are closely related to each other, and both are 

^^^..^.^g- related to succinic acid, as will appear from the reactions. 

^^^b^Jk4^M Malic acid is a solid substance which crystallizes with diffi- 

///- 4#«^ culty. It is very easily soluble in water and in alcohol. Its 

solutions turn the plane of polarization to the right or to the left^ 

'aocoRling to the concentration. 

hen heated it loses water and yields either fumaric or 
maleic acid (which see) , according to the temperature. These 
acids are isomeric, and both are represented by the formula 

CO H 

CaH2< * . The reaction mentioned is represented by the 
following equation : — 

Note for Student. — Compare this reaction with that which takes 
place when hydracrylic acid is heated, and note the analogy. 

When treated with hydriodic acid, malic acid is reduced to 
succinic acid. 

Note for Student. — Compare this reaction with the conduct of 
lactic and glyceric acids when treated with hydriodlc acid. 

Treated with hvdrobromic acid, malic acid is converted into 
mono-brom-succinic acid. 

The reactions just described show clearly' that malic acid is 
hydroxy-succinic acid. Nevertheless, if hydroxy-succinic acid 
be made by treating brom-succinic acid with silver oxide and 
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n 



water, the product is not identical with ordinary malic acid, 
though the two resemble each other very closely. The acid 
thus obtained is — 

Inactive malic acid, CaHafOH) < SS'S- — Inactive maUc 

/ 0U2XI 

acid may be made not only by Ithe method first mentioned, but 
by several others, which indicite that the relation between it 
and succinic acid is that expifessed in the formula given. It, 
like ordinary malic acid, is unquestionably a hydroxy-succinic 
acid, and both are derived froin ordinary succinic acid. 

Other reactions for the pfeparation of inactive malic acid 
are, — / 

( 1 ) By treating dichlor-prapionic acid with potassium cyanide, 
and boiling the product with caustic potash : — 

CH2CI.CHCI.CO2H + KCN 

CH2CN 

= I +KC1; 

CHCI.CO2H 

CHgCN 
and I +2 KOH + HgO 

CHCI.CO2H 

= 1 + KCl + NHg. 

CH(0H).C02H 

(2) By heating fumaric acid with water : — 
^"^'^COH + H^ = C^3(0H)< ^^»J^ ; and 

(3) By reduction of rfecemic acid with hydriodic acid. Ra- 
ce mic acid has the sanie composition as tartaric acid. The 
latter, when treated with hydriodic acid, yields active malic 
acid. 

The properties of inactive malic acid are very much like 
those of active malic acid. As regards their chemical conduct 
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they are almost identical. The principal difference between 
them is observed in their conduct towards polarized ligkit. 
They present a new case of physical isomerism of the same 
fi^ kind as that referred to in connection with the lactic acids 
(which see). The same hypothesis may be applied to this 
case, for malic acid contains an asymmetrical carbon aiom^ as 
will be seen by writing the formula in this way : — 

H 
I 
CO2H-C-OH. 

I 

Hydroxy- ACIDS, CnHg „_206 • 

These are di-hydroxy-dibasic adds. The chief members of 
the group are mesoxalic acid and the different modifications 
of tartaric acid. 

Mesoxalic aoid^,C3H406r= C(OBi), < qq gY — This acid 

is obtained by indirect and rather complicated reactions from 
uric acid (which see). It has been made also by boiling di- 
brom-malonic acid with baryta-water. 

Note for Student. — Explain this reaction. 

The acid forms deliquescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

Glyoxylic acid. 

This acid affords an example of a very rare condition ; viz., 
the existence of a compound in which two hydroxyls are in 
combination with one and the same carbon atom. 
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.^fi^^^i'hydro^Y'^^^ acids, CJ^^O^- C^B^iOBiUK^^^ 

^ CH(OH).0O2H 
1. Tartaric a.cid, I . — Ordinary tartaric acid ^hH(^ 

qH(0H).C02H 

occurs very widely distributed in fruits, sometimes free, some- 
times in the form of rthe potassium or . calcium salt ; as, for 
example, in grapes, berries of the mountain ash, potatoes, 
cucumbers, etc., etc. ' ' •• -^-» 

It may be made by Ithe following methods : — 

(1) By oxidizing su gar of m ilk with nitric acid; 

(2) Also by oxidizing cane sugar, starch, glucose, and other 
similar substances. 1 t/^^^ 

Tartaric acid is prepared from " tartar," miich is impure 
acid potassium tartrate. When grape juice ferments this salt 
is deposited. It is purified by crystallization, converted into 
the calcium salt by treatjng it with chalk, and the calcium salt 
then decomposed bj^ meajns of sulphuric acid^ 

The acid crystallizes fn large monoclinic prisms, which are 
easily soluble in water land alcohol. It melts at 135°. Its 
solution turns the plane of polarization to the right, . 

Treated with hydriodijC acid, tartaric acid yields first malic 
acid and then ordinary succinic acid : — 

(1) C^,(0H),<^^^+2HI 

= ;C^,(OH) < ^^ + H,0 + I, ; 

. Malic acid. 

(2) C«H3(0H) < co^ + 2 HI 

Succinic acid. 

i 

I 

While malic acid is mono-hydroxy-succinic acid, ordinary 
tartaric acid appears to be di-hydroxy -succinic acid. But, just 
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as we found that the malic acid prepared from mono-brom-suc- 
^inio acid is optically inactive! and therefore different from 
natural, active malic acid, so tpo it has been found that the 
tartaric acid prepared from di-prom-succinic acid is optically 
inactive, and therefore different from ordinary tartaric acid. 
The relations between the natural and the artificial acids will 
be considered more fully below. 

Tjjji^ig/^. Among the salts th^ following may be mentioned 
specially : — j 

Mono-potassium tartrate, KH,'C4H40e« This is the chief 
constituent of tartar. In pure f<^rm, as used in medicine, it is 
known under the name of cream pf tartar. 

Sodium-potassium tartrate, KNa . C4H4O6 + 4 H2O. This 
salt crystallizes very beautifully. It is known as Rochelle salt 
or Seignette salt. 

Calcium taHrate, Ca .C4H4O6 + 4 HjO. This salt occurs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons. 

Potassium - antimonyl tartrate, K ( SbO ) . C4H40g + ^ H2O. 
This is known as tartar emetic. It is prepared by digesting 
antimonic oxide with mono-potassium tartrate. It crystallizes 
in rhombic octahedrons. It loses its water of crystallization at 
100**, and at 200 to 2204 is converted into an antimony potas- 
sium salt of the formula 'KSb.C4H206« 

2. Bacemic acid, C4H6O6 + H2O. — Racemic acid occurs, 
together with tartaric acid, in many kinds of grapes, and, on 
recrystallizing the crude tartar, acid potassium racemate, being 
more soluble than' the tartrate, remains in the mother liquors. 
Racemic acid is formed by boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If tartaric acid* be heated 
with water in sealed tubes, at 175°, it is almost completely 
transformed into racemic acid. It is formed further by oxida- 
tion of dulcite, mannite, cane sugar, gum, etc., with nitric 
acid. It, together with a third variety of tartaric a>cid, knotvn as 
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inactive tartaric acid^ is jbrmed when bibroni'Succinic a^cid is 
treated with silver oxide and water, 

Racemic acid differs frpm tartaric acid w many ways. It 
crystallizes differently, and contains water of crystallization. 
It is less soluble than taiiaric acid. It produces precipitates 
in solutions of lime salts, while tartaric acid does not. Racemic 
acid is optically inactive^ ^hile tartaric acid is dextro-rotatory. 
On the other hand, racena^ic and tartaric acids conduct them- 
selves towards most reagents exactly alike^ 

Thus far the relations between racemic and tartaric acids 
appear very much like those which are observed between active 
and inactive lactic acids and between active and inactive malic 
acids. But there remains to be described an extremely inter- 
esting experiment, which th^'ows new light upon the relations 
between tartaric and racemic acids. 

When a solution of ammoiiium-sodium racemate, 

(NH^Na.C^HA, 

is allowed to evaporate spontaneously, beautiful large crystals 
are deposited. On examining these carefully, they are found 
to be of two kinds. On the crystals of one kind certain hemi- 
hedral faces are developed, jwrhile on the crystals of the other 
kind the complementary hemihedral faces are developed; so 
that if a crystal of one kind is placed in front <%^ mirror, 
its reflection will represent the arrangement of the 'l([fcihedral 
faces met with on a crystal of the other kind. The crystals 
may be separated into right-handed^ or those which have the 
right-handed hemihedral faces, and left-handed^ or those which 
have the left-handed hemihedral faces. 

On separating the acid from the right-handed crystals it is 
found to he ordinary dextrorotatory tartaric acid; while the 
acid from the left-handed cirystals is an isomeric substance 
called la&vo-rotatory tartaric acid. When these two varieties 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an/elevation of temperature, and the 
result is racemic acid. 
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We see thus that the inactive racemie acid consists of two 
optically active substances in combination, one of which, ordinary 
tartaric acid, is dojctro-rotatory, and the other Isevo-rotatory. 

Inactive malic acid has been resolved into two active vari 
eties, one of which is dextro-rotatory and the other laevo- 
rotatory. And it is not improbable that inactive lactic acid 
ma}' be resolved in a similar way. 

Inactive tartaric acid is very similar to racemie acid. It 
is formed together with racemie acid by treating dibrom-suc- 
cinic acid with silver oxide and water. Nothing is known 
regarding the relation of this substance to the other tartaric 
acids. 

HtDROXY-ACIDS, fn^in-iOj. 

These are mono-hydroxy-tribasic adds. Citric acid is the 
only one known. \ 

^' Citric acid, C^HbOt + H.Ol = CfsH^fOH) ] CO^H ). — Citric 

acid, like malic and tartaric acids, as very widely- distributed in 
nature in many varieties of fruit, ebpecially in lemons, in which 
it occurs in the free condition. It \^ found in currants, whortle- 
berries, raspbeiTies, goosebemes, etc., etc. 

Jt is prepared from lemon juice. This is allowed to ferment, 
and is then treated with lime. The. lime salt is thu» obtained 
in the form of a precipitate, is collected, and decomposed with 
sulphuric acid. 100 parts of lemons J[ield 5^ parts of the acid. 

Citric acid crystallizes in rhombic prisms which are very easily 
soluble in water. The crystallized !acid melts at 100®, the 
anhydrous at 153° to 154°. Heated to 175° it loses water and 
yields aconitic acid (which see) : — \ 

< C8H4(OH) ] CO2H = C3H3 ] fcOjjH 4- HaO. 

( CO2H ( :^o,ii 

Aconitic' 



\ 



acid. 



tricarballylic acid and citri 
as hydroxy-tricarballylic a 



'2^ 

Citraconic or ita- 
conic acid. 
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Note for Student. — Opmpare with formation of acrylic from 
hydracrylic acid; and of maleic and fumaric acids f^om malic acid. 

Aconitic acid takes up hydrogen, and is transformed into tri- 
carballylic acid (which see ) . Thus a clear connection between 

13 acid is traced, the latter appearing 
;id. Citric acid has been made arti- 
ficially by a somewhat coniplicated method. 

When subjected to dry distillation, citric acid loses both water 

and carbon dioxide, and] yields citraconic add, c.H^ < ^^2^, 

(which see) ; if heated With water or dilute sulphuric acid to 
160** it yields itaconic add, C^K^<^?^^^, (which see). 

C^«(OH) ] CO^I = C,H. { ^ J^ + H,0 + CO,. 

\ 

Note for Student. — What relation, as far as composition is 

r CO H 

concerned, do these two acids of the formula CaH^-j ^^'^tt bear to 

distillation of what acid are the two 

\ 

Citrates, A few of the saMs of citric acid are mentioned : — 

Mono-potassium dtrate, KH2'CoH507 -f 2H2O; 

Di'pota^sium citrate, K2H ICeHsOy ; 

Tri-potassium citrate, KgiCgHsOj -\- HgO. All these potas- 
sium salts are easily soluble in water. They are made by 
mixing citric acid and potaisium carbonate in the right pro- 
portions. \ 

Caldum dtrate, Ca3(C6H50J)2 -f 4 HgO. This salt is formed 
by mixing a citrate of an altali with calcium chloride. It is 
more easily soluble in cold than in hot water ; hence boiling 
causes a precipitate in dilute Solutions. 

Magnesium citrate, Mg8(C6ll507)2 + HHgO.. This may be 
made by dissolving magnesia I in citric acid. It is use/i in 
medicine. '; ''"j,^ 



fumaric and male'ic acids? By 
latter formed? 
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H YDROXY-ACIDS , 



There fg^e two acids to be consic ered under this head. They 



are isomeric, and both are tetra-hy 



^xJ^2a-2^S» 



Iroosy 'dibasic. 



^1 Saoohario acid, 06H,o08(= 0^(OH)4<^q^^).— Saccharic 

acid is formed by the oxidation of^cane sugar, glucose, or sugar 
of milk with nitric acid. 

To prepare it, it is best to trekt ordinary sugar with dilute 
nitric acid. Oxalic acid is formefl at the same time. 

It is an amorphous mass, wkich becomes solid only with 
difficulty. When treated with hydriodic acid it is converted 
into adipic acid, a member of the pxalic acid series (see table, 
page 142) : — 

C4H,(OH)4 < ^^^ + 8 HI = cIh, < ^^^ + 4 HsO + 8 1. 

Saccharic acid. V\.dipic acid. 

Note for Student. — What relatiocfe exist between hexane, man- 
nite, adipic acid, and saccharic acid? > 

Muoio acid, C6H,o08(=C4H4(Ofi)4<^Q'2)-""-^"^^^ *^^^ 

is formed by oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk with ordinary 
nitric acid. Oxalic and tartaric acids are formed at the same 
time. 

It is a crystalline powder which is vf ry difficultly soluble in 
cold water. Hydriodic acid converts it into adipic acid (see 
above, under Saccharic Acid). \ 

\ 

I 

I 

1 






« c 



CHAPTER XI. 

CARBOHYDRATES. 

Among the mixed compounds, or compounds which belong at 
the same time to more than one of t he fimdamental classes of 
c arbon compou nds, are the important bodies caUed carbohy- 
drates. This name was originally given to them because the 
hydrogen and oxygen which enter into their composition are 
always present in the proportion to form water, as shown in the 
formulas for dextrose, CeHigOg, starch, CgHioOg, etc. All the 
compounds belonging to the class of carbohydrates are more or 
less intimately related to the hex-acid alcohols, mannite and 
duleite, C6H8(OH)6. According to their composition, they fall 
naturally into three groups. These are : — 

1. The glucose group of the formula C^i20e. 

The principal members of this group are dextrose or grape 
sugar, levulose or fruit sugar, and galactose. 

2. The cane svgar group of the formula C12H22O11. 

The principal members are cane sugar, sugar of milk, and 
maltose. 

3. T7ie cellulose group of the formula (CeHioOg),.. 

The principal members are cellulose, starch, gum, and dextrin. 

The Glucose Group, C6Hi20e. 

^ Dextrose, grlucose, grape sugar, CeHisOe. — Dextrose 

^^^^y^ occurs very widely distributed in the vegetable kingdom, par- 
^^^' * ticularly in s weet fr uits, in which it is found together with an 

equivalent quantity of levulose. It is found in honey together 
> with cane sugar and some levulose. It occurs, further, in the 

blj^, in the liver, and in the urine ; and, in the disease called 
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Diabetes mellitus^ the quantity contained in the urine is largely 
increased, reaching as much as 8 ^to 10 per cent. 
(7 Dextrose is formed from several of the carboh3'drates of the 
formulas C12H22OU and C^ioOa, by bo iling with dilute Tninpral 
acids, or by the action of fftrments . The formation from cane 
sugar takes place according. jto this equation, equivalent quanti- 
ties of dextrose and levulose being formed : — 

C12H22O11 + H2O = CeHi20fl + CqHijOs. 

Cane sugar. Dextrose. Levulose. 

Starch, cellulose, and dextrin yield dextrose according to this 

equation : — 

CgHioOs + H2O = CgHiaOg. 

Finally, dextrose occurs in nature, in coinbination with a 
number of carbon compounds, in the so-called alucosi^s . These 
break up easily when treated with dilute mineral acids or fer- 
ments, and yield dextrose as one of the products (see Glucos- 
ides). Examples of the glucosides are amygdalin, sesculin, 
quercitrin, etc. 

'Dextrose is prepar^ on the large scale from corn starch in 
the United States, and from potato starch in Germany. The 
transformation is usually effected by boiling with dilute sul- 
phuric acid, though oxalic acid is used to some extent, and phos- 
phoric acid has also been used. The excess of acid is removed 
by treating the solutions with chalk, and filtering. The filtered 
solutions are evaporated down either to a syrupy consistency, 
and sent into the ma||tet under the names "glucose," "mixing 
syrup/' etc., or to dryness, the solid product being known in com- 
merce as " grape su gar." By evaporating the solutions down-^ 
to such a conceulration that the}' contain from 12 to 15 per 
cent of dextrose, crystals are formed which closely resemble 
those of cane sugar. They consist of anhydrous grape sugar. 
Their formation is facilitated by adding a little of the crystal- 
lized substance to the concentrated solutions. 

If in the treatment of starch with sulphuric acid the trans- 
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formation is not complete, and this is usually the case, the 
product is a mixture of dextrose, maltose, and dextrin. The 
longer the action continues, the larger the percentage of 
dextrose. 

Dextrose crystallizes from concentrated solutions, usually in 
crystalline masses consisting of minute six-sided p lates. The . 
mass, as seen in commercial "granulated grape sugar," looks , 
very much like granulated sugar. It crystallizes from alcohol 
in mono-clinic crystals. It is sweet, but not as sweet as cane 
sugar. According to the latest estimations, the s weetness .o f 
dextros e is to tha t of can ft sugar as 8 to ^ Its solutions turn 
t he plane of polarization to the rig ht. 

Dextrose is e asily oxidiz ed, reducing the salts of silver and 
copper. When treated with nascent hydrogen, it yields, among 
other products, mannite and hexyl alcohol. Under the influence 
of yeast it f^grnients, yielding mainly alcohol and carbon dioxide. 
Putrid cheese transforms it first into lactic acid and then into 
butyric acid by the so-called lactic acid fermentation. \ 

Dextrose foi m8,cflm DQHn4^ \^ \P^ met almi^s^s. Among > 
the better known compounds of this kind are those mentioned 
below : — 

Sodium dextrose .... CeHuOg . Na ; 

Sodium chloride dextrose . 2 CgHiaOg . NaCl -\- HjO f 

also, CgHiaOe.NaCl + J HgO, and C6H12O6.2 NaCl. These 
compounds, with sodium chloride, crystallize well, and can be 
easily obtained in pure condition. 

Cupric oxide dextrose . , CgHiaOe . 5 CuO. 

By treatment with acetic anhydride, dextrose yields a product 
containing five acetyl groups, pent-acetyl-dextrose, 

CfiH; (C2H3O) fiOe. 

Note for Student. — What does the formation of this compound 
indicate? 
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It is often impormnt to know the quantity of dextrose con- 
tained in a given liq\iid ; as, for example, in the urine in a case 
of suspected diabete^. For the purpose of making the estima- 
tion, advantage is tajcen of the action of dextrose towards an 
alkaline solution of qopper sulphate. The solution commonly 
used is that known as Fehling^s solution . It is prepared by 
dissolving 34.64* cr3*stallized pure copper sulphate in water, 
adding a solution of 200* potassium sodium tartrate, and 600« 
to 700* caustic soda of the specific gravity 1.12, and diluting 
so that the whole makes one litre. 

Experiment 38. Make half the. quantity of Fehllng's solntion 
above mentioned, and put in a bottle with a glass stopper. In a test- 
tube boil about 10<^c of this solution, and then add a few drops of a 
dilute solution of glucose. Continue to boil, and add a little more of 
the glucose solution ; and so on, until, on removing the tube from the 
lamp, a dark-red uniform-looking precipitate settles, leaving the liquid 
above it perfectly clear and colorless. This precipitate is cuprous 
oxide. By taking proper precautions, the exact amount of dextrose 
present in a solution may be estimated in this way. 
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Regarding the relation between mannite and dextrose we have 
not much positive knowledge. The fact that dextrose so readily 
reduces metallic salts, and is converted into mannite by reduc- 
tion, has led to the belief that it is an aldehyde of mannite, as 

CH^OH 

1 
represented by the formula (CHOH)^, the corresponding alcohol 

CH^OH COH 
or mannite being (CHOH)^. While dextrose is converted into 

CH^OH 
mannite by reduction, mannite is not converted into dextrose 
bv oxidation. Both substances are converted into saccharic 
acid by oxidizing agents, the relations between the three sub- 
stances being shown by the formulas 
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CH2OH 

I 

(CH0H)4 
I 
CH2OH 

Mannite. 



CH2OH 

I 

(CH0H)4 
I 
COH 

Deztroee. 



CO2H 

I 

(CH0H)4. 
I 
CO2H 

Saccharic acid. 



Levulose (fruit sugar), CeHiaOe. — As has been stated, 
levulose occurs together with dextrose, and in equivalent quanti- 
ties, in fruits ; and is formed by the action of dilute mineral 
acids, or ferments on cane sugar, this last breaking up accord- 
ing to the equation, — 

C12H22O11 + H2O = C6H22O6 + CcHjflOg. 

Cane sugar. Dextrose. Levulose. 



As can e sugar is foun d iy iiT^pjtf ^^"^%J^ jj? JIoMb^^ that 
the change represented b y the above equat ioii^.tnVpg pla^np. in th^ 

process of ripening. /^ca^v**< ^ j *^* C .* .* -^ -^ ^ '*'' •- 

Levulose does not solidify, but forms a thick syrup. It is 
about as sweet as cane sugar. It turns the plane of polarization^ 
to the 



Note fob Student. — What other substaDces already considered 
bear to each other the same relations as dextrose and levulose? 

It acts towards Fehling's solution the same as dextrose. By 
nascent hydrogen it is reduced to mannite ; and by oxidizing 
agents it is converted into saccharic acid. 

The same arguments which lead to the belief, that dexti'ose 
bears to mannite the relation of an aldehyde to an alcohol, 
lead also to the conclusion that levulose bears the same 
relation to mannite. At present we do not know what is 
the cause of the isomerism of dextrose and levulose. Though 
the same hypothesis that was explained in connection with 
the two lactic acids may be applied also in this case, as 
the formula representing dextrose and levulose as aldehydes 
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of manuite show that each contains an asymmetrical carbon, 

thus: — 

COH 
I 
HO-C-H 
I 

CH.OH 
I 
(CH0H)2 

CH2OH 

Galactose, G«Hi206. — This substance is formed together 
^A •' 'o*^ ^^^^ dextrose when either sugar of milk or gum arabic is boiled 
. ' with dilute sulphuric acid^ 

It crystallizes in large rhombic prisms, which melt at 130° ; 
is easily soluble in hot water, but much less so in cold water : 
less sweet than cane sugar ; turns the plane of polarization to 
the left; conducts itself in some respects like dextrose. It 
I re duces Fehling^s soluti on ; g ives mucic acii d with nitric acid, 

-^\i and djjlgjig with sodium amalgam. It does not -ferment with 
yeast. 

^ The Cane-sugar Group, Ci2H220u« 

ZK^ Gane sugar, C12H22O11. — This well-known variety of sugar 

'^ occurs very widely distributed in nature, in^sugar cane, sorghum, 

the Java palm, the sugar maple, beets, madder root, coffee, 

walnuts, hazel nuts, sweet and bitter almonds ; in the ^osaoms 

' of manj- plants; in ho^ey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
<^ In either case the processes of extraction and refining are largely 

^T^ mechanical. When sugar cane is used, this is macerated with 
''' water to dissolve the sugar. Thus a dark-colored solution is 

obtained. This is evaporated, and then passed through filters 
of bone-black which remove the coloring matter. The solu- 
tion is evaporated in the air to some extent, and then in 
large vessels called '' vacuum pans," from which the air is 
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ft 

partly exhausted, so that the boiling takes place at a lower 
temperature than would be required under the ordinary pres- 
sure of the atmosphere. The mixture of crystals and mother 
liquors obtained from the "vacuum pans" is freed from the 
liquid by being brought into the "centrifugals." These are 
funnel-shaped sieves which are revolved ver^^ rapidly, the liquid 
being thus thrown by centrifugal force through the openings 
of the sieve, while the crystals remain behind and are thus 
nearly dried. The final drying is effected by placing the crys- 
tals in a warm room. 

When beets are used the process is essentially the same, 
though there are some differences in the details. 

The mother liquors which are obtained from the " centrif- X.^ \ 
ugals " are further evaporated, and yield lower grades of sugar ; ^ 
and, finally, a syrup is obtained which does not crystallize. ^s> 
This is Toolasses. Molasses is sometimes brought into the ^^ 
market as such ; sometimes, particularly when obtained from ^ 
beet sugar, it is allowed to ferment for the purpose of making ^^^^ 
alcohol. The spent wash, or^aste liquor, " vinasse," is now "^ 
evaporated to dryness and cabined for the purpose of getting ^ 
the alkaline salts contained^ the residues. The products of 
distillation are collected, ajA from them are separated methyl 
alcohol and tri-methyl-ami^|p(see p. 96). 

Sugar crystallizes from water in well- formed, large mono- 
clinic prisms. It is dextro-rotatory. When heated to 210° to 
220°, cane sugar loses water, and is converted into the substance 
called cararj^, which is more or less brown in color, according 
to the duration of the heating and the temperature reached. 
Boiled with dilute acids, cane sugar is split into equal parts 
of dextrose and levulose, as has been stated. The mixture of 
the two is called invert-sugar. The process is called inversion. 
It takes place, to some extent, when impure sugar is allowed 
to stand. Hence invert-sugar is contained in the brown sugars 
found in the market. Yeast gradually transforms cane sugar 
into dextrose and levulose, and these then undergo fermenta- 
tion^ Cane sugar itself does not ferment. 
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Experiment 39. Arrange twoniA^s of apparatus as in Exp. 7. 
In one put 40b to oO^ grape ajjipccfand a certain quantity of yeast, as» 
in Exp. f ; in the other ntlr^the same amount of cane sugar and of 
yeast. Notice the difTerence. 

C ane sugar does not reduce au alkaline solution of coppe r 
sulphi 



Experiment 40. Prepare a dilute solution of cane sugar by dis- 
solving IK to 28 in 200«« water. Test this with Fchling's solution, 
as in Exp. 38. Now add to the sugar solution 10 drops concentrated 
hydrochloric acid, and heat for half an hour on the water-bath at 
100^; exactly neutralize the acid with a dilute solution of sodium 
carbonate, and test with Fehling's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and saccharic acid. 
Like dextrose, cane sugar forms compounds with metals, 
^ metallic oxides, and salts. Among these the following may 
X^^^ be mentioned : — 
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Sodium mi/craJte .... Ci2H2iOii . Na, 

Sodium-chloride s aerate . . C12H22O11 . NaCl, 

Calcium sucrate .... Ci2H2oOu.Ca, 

and lAme sucrate . . . .^ . C12H22O11. 2 CaO. 

These derivatives are not sweet. 

An act-acetate of the formula Ci2Hi4(C2H30)80i: has been 
made by treating sugar with sodium acetate and acetic anhy- 
dride. 

Though cane sugar readil}'^ breaks up into dextrose and levu- 
lose, no one has succeeded as yet in effecting the union of these 
two substances to form cane sugar. The character of the 
relation between it and the two glucoses is not understood* 



"{ 



r f 



Sugar of milk, lactose, C12H22O11 + H2O. — This sugar 

rj Voccurs in the milk of all mammals. It is obtained in the mauu- 

/ facture of cheese. The casein is separated from the milk bv 
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means of rennet. The sugar of milk remains in solation, is 
separated by evaporation, and purified bj' recrystallization. It 
crystallizes in rhombic crystals. That which comes into the 
market has been crystallized on strings or wood splinters. It 
has a slightly sweet taste ; is much less soluble in water than 
cane sugar, and is dextro-rotatory. It reduces Fehling's solu- 
tion. Oxidized with nitric acid, it yields mucic and saccharic 
acids. Nascent hydrogen converts sugar of milk into mannite, 
dulcite, and other substances. Like dextrose and cane sugar, 
it forms compounds with bases, dissolving lime, baryta, lead 
oxide, etc. 

Sugar of mUk ferments under certain circnmstances, and 
is thus converted into lactic acid. The s oi^ring r ^f mi lk is a 
result of this fermentation. Tlie lactic acid formed coagulates 
the casein ; hence the thickening. 

I Maltose, Ci2H220n. — This carbohydrate is formed by the 
^Jj^ action of malt on starch. Malt, which is made by steeping 

j barley in water until it germinates, and then drying it, contains 

a substance called diastase, which has the power of effecting 

changes similar to some of those effected by the ferments. 

Thus, it acts upon starch, and Qonverts it into dextrin and 

maltose : — 

3 CeHioOa -|- H2O = C12H22O11 -f- CgHioOs. 

Starch. Maltose. Dextrin. 



>k 



^ 



Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained in commercial glucoses. 
By further treatment with sulphuric acid it is converted into 
dextrose. Maltose crystallizes in fine needles ; is dextro-rota- 
tory ; reduces Fehling's solution, and ferments with yeast. 

The Cellulose Group, CgHioOg. 

Cellulose, OeHioOa. — Cellulose forms, as it were, the ground 
work of all vegetable tissues. It presents different appearances 
and different properties, according to the source from which it 
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is obtained ; but these differences are due to substances with 
which the cellulose is mixed ; and when they are removed, the 
cellulose left behind is the same thing, no matter what its source 
may have been. The coarse wood of trees, as well as the ten- 
der shoots of the most delicate plants, all contain cellulose as 
an essential constituent. It forms the membrane of the cells. 
Cotton-wool, hemp, and flax consist almost wholly of cellulose. 
For the preparation of cellulose, either Swedish filter-paper 
or cotton-wool may be taken. 

Experiment 41. Treat some cotton-wool successively with ether, 
alcohol, water, a caustic alkali, and, finally, a dilute acid. Then wash 
with water. 

Cellulose is amorpho us ; insol uble in all ordinary, solvents ; 
solublejnjin ammoniacal solut ion of cup ric oxide. 

Experiment 42. Add some ammonium chloride to a solution of 
copper sulphate'; precipitate with caustic soda; filter, and carefully 
wash. Dissolve the cupric hydroxide thus obtained in ammonia. The 
solution is known as S cjiweizer^s reaaen t. It will dissolve cellulose. 
Try it with some of the cellulose obtained in Exp. 41. 

Cellulose dissolves in concentrated sulphuric acid. If the 
solution be diluted and boiled, the cellulose is converted into 
dextrin and dextrose. It will thus be seen that rags, which 
consist largely of cellulose, paper, and wood, might be used 
for the preparation of dextrose or glucose, and consequently 
of alcohol. 

Gun cotton, P3nx>xylin, nitro-oellulose. — Cellulose has 
some of the properties of alcohols ; among them the power to 
form ethereal salts with acids. Thus, when treated with nitric 
acid, it forms several nitrates, just as glycenn forms the nitrates 
known as nitro-glycerln (which see) . 

Treated for a short time with sulphuric and nitric acids, 
cellulose is converted into the lower nitrates, particularly the 
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tetra- and penta-nitrates. A solution of these in a mixture of 
ether and alcohol is known as collodi on solution^ which is much 
used in photography. When poured upon any surface, such as 
glass, the ether and alcohol rapidly evaporate, leaving a thin 
coating of the nitrates which were in solution. 

When treated for twentv-four hours at 10® with a mixture 
of nitric and sulphuric acids, cellulose yields the hexa-nitrate 
Ci2Hi404(O.N02)69 which is used as an explosive under the 
name of g un cotto n. It is used chiefly for blasting. 

An intimate mixture of gun cotton and camphor has come 
into extensive use under the name of c^j^j/Jijjjid, As it is plastic 
at a slightly elevated temperature, it can easily be moulded into 
any desired shape. When it cools it hardens. 

Paper. — Paper in its many forms consists mainly of celhi- 
lose. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly mechanically, and partly by boiling with caustic soda. 
The mass is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly rags of cotton or linen 
are used in the manufacture of paper; wood and straw are 
also used. 

Starch, CeHioOs. — Starch is found everywhere in the vege- 
table kingdom in large quantity, particularly in all kinds of 
grain, as maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United States starch is manufactured mainly from 
maize ; in Europe, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water ; the softened grain is then ground between stones, a 
stream of water running continuously into the mill. The thin 
paste which is carried away is brought upon sieves of silk bolt- 
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ing-doth, which are kept in constant motion. The starch passes 
through with the water as a milky fluid. This is allowed to 
settle when the water is drawn ofl'. The starch is next treated 
with water containing a little alkali (caustic soda, or sodium 
carbonate), the object of which is to dissolve gluten, oil, etc. 
The mixture is now brought into shallow, long wooden runs, 
where the starch is deposited, the alkaline water running off. 
Finally, the starch is washed with water, and dried at a low 
temperature. 

Starch has a granular structure, the grains as seen under the 
microscope having a series of concentric markings, of which the 
nucleus appears to be at one side. 

Starch in its usual condition is insoluble in water. If ground 
with cold water, it is partly dissolved. If heated with water, 
the membranes of the starch-cells are broken, and the contents 
form a partial solution. On cooling, it forms a transparent 
jelly called starch paste. 

With iodine, starch paste gives a deep blue color ; with bro- 
mine, a yellow color. 

^ Experiment 43. Make some starch paste thus : Put a few grams 
of starch^ in an evaporatiug dish; pour enough cold water upon it to 
cover it ; grind it under the water with a pestle, and then pour 20O* to 
SOQcc hot water upon it. When this is cool, add a few drops to a litre 
of water, and then add a few drops of potassium iodide. As long as 
the iodine is in combination with the potassium no change of color 
takes place; but if the iodine be set free by the addition of a drop or 
two of chlorine water, or of strong nitric acid, the entire liquid turns 
a beautifdl dark blue. The cause of this color is the formation of a 
very unstable compound of starch and iodine. The color is easily 
destroyed by a slight excess of chlorine water (try it in a test-tube) ; 
by alkalies (try it) ; by sulphurous acid (try it) ; by hydrogen sulphide 
(try it) ; etc. It is also destroyed by heating. (Heat some of the 
solution in a test-tube, and let it stand.) The color reappears on 
cooling. 

1 The purest form of starch to be found in the market is that made from arrow-root 
Ordinary starch contains other substances which sometimes interfere with the reactioiis. 
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^ Experiment 44. Use some of the starch paste in studying the 
effect of bromine upon it. Use dilute solutions. The bromine must 
be in the free condition. 

It has been stated that starch is converted into dextrin, mal- 
tose, and dextrose by dilute acids ; and that diastase converts 
it into maltose and dextrin. 

Experiment 46. Add 20<« concentrated hydrochloric acid to 200^ 
of the starch paste already made, and heat for two hours on the water- 
bath, couuecting the flask with an inverted condenser (see Fig. 8). 
Then examine with Fehling's solution. Test, also, some of the original 
starch paste with Fehling's solutioik 

Dextrin, GeHioOs. — Dextrin, as has been stated, is formed 
by treating starch with dilute acids or diastase. It is converted 
by further treatment with acids into dextrose. The substance 
ordinarily called dextrin has been shown to be a mixture of 
seve ral isomeric sul^ft t ^ pftf^a which resemble each other very 
closely. The mixture is an uncr3'stallizable solid. It is 
strongly dextro-rotatory ; gives a red color with iodine, and 
does not reduce Fehling's solution. It is used extensively as 
a substitute for gum. 

Q|]]QS. — Under this head are included a number of sub- 
stances which occur in nature. One of the best known is gum 
arabic^ which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, like that of cane 
sugar, is C12H22O11. Other gums are wood gum^ obtained from 
the birch, ash, beech, etc. ; ba^sorin^ the chief constituent of 
gum tragacanth, etc. 

Our knowledge of the chemistry of these gums is very limited. 



CHAPTER XIL 

MIXED COMPOUNDS obNTAINING NITROGEN. 

In speaking of the preparation of bibasic acids from mono- 
basic acids, reference was mkde to cyan-acetic and the two 
cyan-propionic acids. These/are nothing but simple cyanogen 
substitution-products analogcrus to chlor-acetic and the two 
chlor-propionic acids. They mre made by treating the chlorine 
products with potassium cyanide. They have been useful 
chiefly in the preparation of jbibasic acids, as described in con- 
nection with malonic and thq two succinic acids. It will there- 
fore not be necessary to con iider them individually here. 

Note for SxaDENT. — How may malonic be made from acetic acid ; 
and the two succinic acids fron i propionic acid ? Give the equations. 

The chief substances to be considered under the head of 
mixed compounds containingi^ nitrogen are the amido-aclds and 
the acid amides. As will bfe seen, both these classes of sub- 
stances are of special interest, as they represent forms of com- 
bination which are favorite? ones in nature, especially in the 
animal kingdom, some of the most important substances found 
in the' animal body, such ^s urea, uric acid, glycocoll, etc., 
belonging to one or both liie classes. 

The relation of an amido-acid to the simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrogen is replaced by the 
amido group, NH2. Thus, amido-acetic acid is represented 
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NH 

by the formula CH3< \^j while amido-methane, or methyl- 

amine is represented thus, CH^ . NHj. The reasons for regard- 
ing methyl-amine as a substituted ammonia, as represented, 
have been stated. The formula is based upon the reactions 
of the substance ; that is, "p^H 1^" (^>h^"i;/>Qi ^onfjufit fl^"d thp 
methods used in its preparattjon^. The same arguments might 
TSeadvanced in favorof the view that the amido-acids are 
substituted ammonias, and, at the same time, acids. The 
simplest method for their preparation consists in treating 
halogen derivatives of the acids with ammonia ; thus amido- 
acetic acid may be made by treating brom-acetic acid with 
ammonia : — 

CH2 < 5!v +2 NH3 = CH2 < ^^2 + NH^Br. 
' CO2H ' ' CO2H 

Note for Student. — Compare this reaction with that made use 
of for making methyl-amine. 

Amido-formic acid, carbamic acid, I . — This acid 

'^ ■ CO2H 

is not known in the free condition. Its ammonium salt, 

I , is formed when carbon dioxide and ammonia are 

COjNH^ 

brought together: — 

NH2 

I 
CO2 + 2 NHg = CO2NH4. 

The other carbamates may be prepared from the ammonium 
salt. They are decomposed, yielding carbonates and ammonia. 
Thus, when potassium carbamate is warmed in water solution, 
decomposition takes place, as represented in the equation, — 

NH2.CO2K + H2O = NH3 + HKCO3. 

The et hfirecd salts of carb^ 
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treating the ethereal salts of chlor-formic acid (see p. 157) 
with uinmonia: — 

CI NHj 

I I 

CO2C2H5 4- 2 NHs = CO.CaHs + NH4CI. 

« 
Amido-formic acid cannot be taken as a fair representative 

of the amido-acids, any more than carbonic acid can be taken 

as a fair representative of the hydroxy-acids. 



axnido-acetic acid, ) ^ | A ^ CO2H/ 

bile are contained two complicated acids, which are known as 
glycocholic and taurocholic acids. When glycocholic acid is 
boiled with hydrochloric acid, lit breaks up, yielding cholic acid 
and glycocoll. In the urine of horses is found an acid known 
as hippuric acid. When this is boiled with hydrochloric acid, 
it breaks up into benzoic acid and glycocoll. 

When uric acid is treated with hydriodic acid, glycocoll is 
one of the products. Further, gh'cocoU is formed when glue 
is boiled with baryta water or dilute sulphuric acid. Its forma- 
tion from brom-acetic acid and ammonia, mentioned above, gives 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetic acid has both acid and basic properties. It 
unites with acids, forming we^k salts ; and it acts upon bases, 
giving salts with metals, — the amido-acetates. It also unites 
with salts, forming double compounds. 

Examples of the compounds with acids are the 

Hydrochloride .... CH2 < !* , 

NHg.HNOs. 
CO2H 

of the salts with metals, 

Zinc amidO'Ocetate . Zn(C2H4N02)2-|- H2O, 

and Copper amido-acetate . Cu(C2H4N02)2-f HjO; 



and the Nitrate CH2 < 
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of the compounds with salts, the double salt of 



_ jci(N03),.Cu(CjH,NOj),+ 2HjO. 



^«*<C0^ + '^°^ 



CHa < ^^i, -f NH,Br ; and 



CH2 < :X^ „ 4- 2 CH3. NHg^ CH2 < ^^:f ^^ + NH3(CH3)Br. 



Copj^r nitrate 
and Copper amido-acetate, 

Treated with nitrous acid, glvcocoU is converted into hydroxy- 
acetic acid. \ 

Note for Student. — Write tlje equation representing the reactiou 
which takes place when glycocoll \s treated with nitrous acid. 

j^ Sarcosine, methyl-grlyoodoll, OsHTNOaf = CHg < qq '„ A. 

If brom-acetic acid be treattd with methyl-amine instead of 
with ammonia, a reaction tak|s place similar to that which takes 
place with ammonia, the pro^ct being methyl glycocoll or sa^'co- 
sine: — 
Br 

-I- z 1^ i-t« :j=i;i-i«<: 

CO2H 

Br 

CO2H ^ '/ ' CO2H 

iSarcosine. 
the decomposition of creatine, which 
eine, which is a constituent of coffee 
and tea. It is obtained f 'om creatine and caffeine by boiling 
them with baryta water. 

Its properties are much ike those of glycocoll. 

Amido-propionic aci4s, O3H7NO.2. — These acids bear to 
propionic acid relations siijiilar to that which amido-acetic acid 
bears to acetic acid. Th^'e are two, corresponding to a- and 
)S-chlor-propionic acids, frpm which they are made. They are 
not found in nature. Th^ir properties are much like those of 
glycocoll. I 

Note for Student. — What substances would be formed by treat- 
ing the two amido-propionic acids with nitrous acids? 

Among the amido derivatives of the higher members of the 
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ff 

fatty acid series, that of ca^roic acid should be specially men- 
tioned. 

Leucine, ci-amido-capr<lio aoid, 

OeHijNOa [=0H3 . CH2 . 0: la . OHj . OH(NH,) . OO3H ] . 



Leucine is found very widel} 
as in the spleen, pancreas, 



distributed in the animal kingdom, 
id brain. It has also been found 
in the vegetable kingdom id a few plants. It is produced by 
the decomposition of substaices containing albumin or gelatin. 
It has been made by treatind a-brom-caproic acid with ammonia. 

AMiDO-sunt»HONic Acms. 

Just as there are amido derivatives of the carbonic acids, 
so, too, there may be amido perivatives of the sulphonic acids. 
Only one of these need be cqnsidered. 

Amido-isethionic acidJ i 0,H,NS03(= O.H4 < ^^^^ j. 
Taurine is found in combination with cholic acid in taurocholic 
acid, in ox bile and the bjle of many animals, as well as in 

other animal liquids. It |ias been made synthetically from 

OH • 
isethionic acid, CjH^ < o^ tt^ by treating the acid successively 

with phosphorus pentachloripe and ammonia : — 

^^^ < sSoH + ' ^"^^ = ?^ < S0,C1 + ' ^^' + ' «^^' 

Isethionic acid. Chlor-ethyl-sulpbo-cbloride. 

C2H4 <2\.^ + HjO = bjHi < Si, ^„ + Ha ; 
SOjCl I SO2OH 

Chldr-ethyl-sulphonic acid. 
s Taurine. 

Taurine crystallizes in large tetragonal prisms. It is a very 
stable substance, and can be boiled with concentrated acids with- 
out decomposition. With iiitrous acids it yields isethionic acid. 

It unites with bases forming salts. 

\ 
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The only amido-bibasio^ acid which need be considered is 
amido-succinic acid. 

Aspartic acid, ]|r tt vn /^- r TT ri^TT >i <f ^^^HN 

Amido-suocinio acid, F.H,NO.^-C.H3(NH.) <^q .^j. 

Aspartic acid occurs in pumpkin seeds, and is frequently 
met with as a product of boiling various natural compounds 
with dilute acids. Thus, for axample, it is formed when casein 
and albumin are treated in this wa3\ It is formed also when 
asparagine (which see) is boilea with acids or alkalies. 

Aspartic acid cr3'stallizes. It( turns the plane of polarization, 
under some circumstances to theVight, under others to the left. 

Treated with nitrous acids it yiAlds malic acid. 

Acid Amides. 

When the ammonium lialt of acetic acid is heated, it gives off 
water, and a body distijs over which is known as acetamide. 
The reaction which take^ place is represented by the following 
equation : — , 

CH3.COON]b4 = CH3.CONH2 4- H2O. 

The substance obtained l^as neither acid nor basic properties. 
An examination of the ammonium salts of other acids shows 
that the reaction is a general one, and we thus may get a class 
of neutral bodies, known as the acid amides. 

As no one of the acid amides of the fatty acid series is of 
special importance, a few words of a general character in regard 
to the class will suffice. 

Besides the reaction above referred to for making the acid 
amides, there are two others of general application. One con- 
sists in treating an ethereal salt of an acid with ammonia ; 
thus, when ethyl acetate is treated with ammonia, this reaction 
takes place : — 

CH3.CO2C2H5 + NH3 = CH3.CONH2 -f CaHeO. 



^ 
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pass the vapor from flask B into the mixture in flask A, meanwhile 
allowing the temperature of the oil-bath to rise to 125^-130°. A 
mixture of alcoliol and ethyl oxalate will distil over. To some of this 
mixture in a flask add concentrated aqueous ammonia, and shake. 
Insoluble oxamide is formed and is thrown down as a white powder. 
What reactions have taken place? Write the equations. Filter oflf 
the oxamide, and wash it with water. See whether it conducts itself 
like an acid. Has it an acid reaction? Boil with caustic potash (not 
too much), and notice whether ammonia is given off". Why does it 
dissolve? How can the oxalic acid be extracted from the solution? 

Wheu the amide of a pol^'-basic acid is boiled with ammonia, 
and under some other circumstances, partial decomposition 
takes place, and a substance is formed which is both amide and 

acid. Thus, in the case of oxamide, the product is oxamic 

CO,H 
add, I . This acid forms well-characterized salts and 

CONHj, 
other derivatives, such as are obtained from acids in general. 

There is one acid of this kind which is a well-known natural 

substance. It has already been referred to in connection with 

aspartic acid, which is closely related to it. It is 

Asparagrine, amido-succinamic acid, 
^- , U O4H8N2O3 + H20(= O^HaCNH^) < 00 H^')' ~ Asparagine is 
y ' found in a great many plants, as in asparagus, liquorice, beets, 
peas, beans, vetches, etc. It may be made by treating mon- 
ethyl amido-succinate with ammonia. 

Note for Student. — What reaction takes place? Write the equa- 
tion. 

Asparagine forms large rhombic crystals, diflScultly soluble 
in cold water, more easily in hot water. W hen boiled with 
Qr>TJp ^r pllraliaa^ j|; jq ^nnyf^rff^ri jnto asparticacld a nd acmionia. 

/ Note for Student. — Notice that only the amldo group of the 
{ amide is driven out of the compound by this treatment. The other 
I amldo group which is contained in the hydrocarbon portion of the 
' compound is not disturbed. 

^id converts asparagine into malic acid. 



n 
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idgg, ON2H2. — In speaking of cyanic acid, the 
existence of two chlorides of cyanogen was mentioned: one 
a liquid, having the formula CNCl ; the other a solid, of the 
formula C3N3CI3. When the former is treated with ammonia, 
it is converted into an amide, CN . NHg, which bears to cyanic 
acid, NC.OH, the relation of an amide. Like the other 
simple compounds of cyanogen, C3'an-amide readily undergoes 
change. When simply kept unmolested, it is converted into 
di'Cyan-diamide^ C2N4H4; while, when heated to 150°, a violent 
reaction takes place, and tri-cvan'tm 



CsNfiHe, is formed. 
Whether or not the formulas given really express the true 
molecular weights of the products is not known. It can only 
be said that the changes involve no change in per centage 
composition, and therefore are cases of polymerisation. The 
formation of the compounds is particularly interesting, as illus- 
trating the tendency on the part of the simpler cyanides to 
undergo change under very slight provocatiouik 

Guanidine, CN3H5. — /This substance, which is closely 
related to cyan-amide, is formed by the oxidation of guanine 
(which see), and this in tirn is obtained from guano. It may 
also be made by treating cj anogen iodide with ammonia : — 

CNI + 2 NHg = CN3H5 . HI, 
the product being the hji[}Hodic.acid salt of guanidine. As 

will be seen, guanidine is c jran-amide plus ammonia : — 

CN . NH5 + NH3 = CN3H5. 

It is a strongly alkaline base. Boiled with dilute sulphuric 
acid or baryta water, it yi^ds urea and ammonia : — 

CN3H5 + HIO = CON2H4 + NH3. 

Guanidine. | Urea. 

Creatine, O4H9N3O2. 4- This substanct; is found in the 
muscles of all animals. 



I 



It is closely related to guanidine and 



I 
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also to sarcosine (see p. 193). / It has been made synthetically 

by bringing cyan-amide and eprcosine together. The reaction 

Tvliich takes place is analogops to that made use of for the 

preparation of gaanidine. Tpe analogy is shown by the two 

equations, — 

H3 = CN3H3, 

Ouanldine. 

or (CN^g.NHj), 



CN . NHj + 



and CN.NHj + N^CHg 

Bar* 



= CN,H 



^0,H 



Creatine. 



0x12 * vyO^U 9 



or C4H9N8OS. 



Urea, or carbamide Iknd derivatives. — Closely related 
to the nitrogen compouiips just considered is urea, or the 
amide of carbonic acid. I Its importance and certain peculiari- 
ties distinguish it from thi other acid amides, and it is there- 
fore considered by itself. \ 

Urea is found in the urine and blood of all mammals, and 
particularly in the urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent ; the quantity given off by 
an adult man in 24 liours being about 30*. Urea may be made 
by the following methods : -^ 

(1) By treating carbonyl chloride with ammonia : — 

COCI2 + 2 NH3 = CON2H4 + 2 HCl. 

What is the analogous reaction for the preparation of acetamide? 

(2) By heating ammonium carbamate : — 

ONH4 

What is the analogous reaction for preparing oxamide? 

* 

(3) By treating ethyl carbonate with ammonia : — 

CO < ^^^' + 2 NH, = CONjH, + 2 CsH,0. 

UCjlii 
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(4) By the addition of water to cyan-amide : — 

CN.NHa + H2O = CON2H4. 

(5) By evaporation of ammonium cyanate in aqueous solu- 
tion : — 

CN(ONH0 = CON2H4. 

This reaction is of special interest, for the reason that it 
afforded the fii*st example of the formation, by artificial methods 
from inorganic substances, of an organic compound found in 
the animal body (see p. 1). 

Urea is most readily obtained from urine. 

Kxperiment 47. Evaporate four or five litres fresh urine to a thiu, 
syrupy consistence. After cooling add ordinary concentrated nitric 
acid, when crystals of urea nitrate are obtained. Filter, wash, and 
recrystallize from moderately concentrated nitric acid. When the 
crystals of urea nitrate are white, dissolve again in water, and add 
finely-powdered barium carbonate. The nitric acid forms bailum 
nitrate, and the urea is left in free condition. Evaporate to dryness, 
and from the residue extract the urea with strong alcohol. 

Experiment 48. Make potassium cyanate as directed in Experi- 
ments 24, p. 82, and 26, p. 83. To the cold solution of the cyanate add 
a solution of ammonium sulphate containing as much of the salt as 
there was used of potassium ferrocyanide in the preparation of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate will crystallize out. Filter this off, and evaporate to dryness. 
Extract with alcohol. The urea will crystallize from the alcoholic 
solution when it is brought to the proper concentration. Give all the 
reactions involved in passins^ from potassium ferrocyanide to urea. 
Compare the urea made artificially with that made from urine. 

Urea crystallizes from alcohol in large quadratic prisms, 
which melt at 132°. 

Experiment 49. Determine the melting-points of both the natural 
and artificial specimens of urea. 

Urea is easily soluble in water and alcohol. Heated with water 
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in a sealed tube to 100'',/ it breaks up into carbon dioxide 
and ammonia : — 

CON5H4 + II2O = COa + 2 NH,. 

The same decompositioo of \the urea takes place spontaneonsly 
when urine is allowed to stind. Henoe the odor of ammonia 
is always noticed in the neighborhood of urinals wtiidi are not 
kept ttioroughly clean. 

Sodium hypochlorite or hypobromite decomposes urea into 
carbon dioxide, nitrogen, ana water : — 

CON2H4 + 3 NaOCl = NaaC^ + NaCl + Ng + H3O + 2 HCl. 

Experiment 50. To a solatidyi of 20k sodium hydroxide in 100<» 
water add about 5<» bromiue, aud shake well. Make a solution of urea 
in water, and add to the solution of the hypobromite. An evolution 
of gas will be noticed, showing that the urea is decomposed. 

Nitrous acid acts in the same -way : — 

CON2H4 + 2 HNO2 =^ CO2 -f N4 + 3 H2O. 

* 

When heated, urea loses an^monia, and yiekls first biuret, 
and finally cyanuric add (see pj 84) : — 

2 C0(NH2)a = CjHsNgOa + NHg ; 

Biuret. 

3 CO(NHj)s = CjHaOsN, + 3 NH3. 

Cyanuric acid. 

Urea unites with acids, bases, and salts. The hydrogen of 

the amido groups may be replaced by acid or alcohol radicals, 

NH C H O 
giving compounds of which acetyl urea^ CO < • a s ^ j^^^j 

NHC H -W-tia 

ethyl urea, CO < t^ * *, are examples. 

Among the compounds with acids, the following may be 
mentioned : urea hydrochloride, CH4N2O . HCl ; urea nitrate, 
CH4N2O . HNOa ; and urea phosphate, CH4N2O . H8PO4. With 
metals it forms such compounds as that with mercuric oxide, 
HgO.CH4N20 ; with silver, CHoNgO. Aga, etc. With salts it forms 
such compounds as HgCl, . CH4N,0, HgO.CH4N2O.HNOa, etc. 




PARABANIC ACID. 

Substituted ureas, — that is, those derivatives of urea which 
contain hydrocarbon residues in place of one or all the hydrogen 
atoms, — may be made from the eyanates o f substituted am mo- 
nias^ The fundamental reaction is the spontaneous transforma- 
tion of ammonium cyanate into urea : — 

CN.ONH4 = CO(NH2)2. 

In the same way, eyanates of substituted ammonias are trans- 
formed into substituted ureas : — 

CN .ONH3 .C2H5 = CO < ^^'^^ ; 

NH2 

NH2 

The urea derivatives which contain acid radicals are made by 
treating urea with the acid chlorides : — 

CO < ^^2 + C2H3OCI = CO <^^ -^^HgO ^ jj^j 
^^2 NH3 

Acetyl urea. 

Note for Student. — In what sense is acetyl urea analogous to 
acetamlde? 

There are several derivatives of urea and radicals of bibasic 
acids, as oxalic and malonic acids, which are of special interest, 
as the}' are closely related to uric acid ; and their formation from 
this acid has thrown much needed light upon the inner nature of 
the acid. 



dd ^ Z / OO.NH \ 

'ICaH^N^cU I >CO .— Parabanic 



Parabanic acid, 

Oxalylurea, j— — .- .^o^^ CO.NH 

acid is formed by boiling uric acid with strong nitric acid and 
other oxidizing agents, and by treating a mixture of urea and 
oxalic acid with phosphorus trichloride : — 



C2H2O4 + (pO(NH2)2= CSH2N2O3 -f- 2H2O. 



^ 
\ 
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It acts like an acid. Its sralts readily pass over into salts of 
oxaluric acid (which see). \ Treated with allialies it breaks up 

into urea and oxalic acid./ As will be seen, parabanic acid is 

C(>sNH, 
analogous to oxaraide, | j , the residue of urea acting the 



part of the two amido grou] 



CO (NHa 



CO.OH 



J, 



Oxaluric acid, CsH4N204\= OO.HN.CO.NH2/, bears to 
parabanic acid the same reflation that oxamic acid bears to 
oxamide. It occurs in the form of the ammonium salt in small 
quantity in human urine. 

Barbituric acid, inalonyl\ urea, 

CH^N.Oa + 2 H,of = CHa ^ SSS5 > CO V — Barbituric 

\ CO.NH / 

acid, like parabanic acid, is a product obtained from uric acid. 
It has been made artificially ny treating a mixture of malonic 
acid and urea with phosphorusf oxichloride : — 

CH2< ^^^^ + CO <^^2 =i CH2 < ^2* !^^ > CO + 2 H2O. 
' COOH NH2 \ ' CO. NH ^ 

Treated with an alkali, barbituric acid breaks up into malonic 
acid and urea. 

The relation of the acid to m'^lonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 

/ 
Sulpho urea, CS(NH,)2. -4- This substance is formed by 

heating ammonium sulpho-cyanate, the reaction which takes 

place being analogous to that; by which urea is formed from 

ammonium cyauate : — 

CNSNH4 =jCS(NH2)2. 

A number of derivatives of sulpho urea have been made. 
They resemble those obtained from urea 



I 
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Uric acid, 0iH4N4O3. -/- Uric acid occurs in human urine, 
in certain urinary calculi/ in the urine of carnivorous animals, 
and of birds. The exiremcnt of serpents consists almost 
entirely of ammonium unate. It has been made by heating 
together amido-acetic acidf and urea. 

Uric acid is best prepared either from serpents' excrement or 
guano. 

It forms a crystalline dowder, which is almost insoluble iu 
water. It is a monobasic icid, though weak compounds with the 
alkali metals may be mao^ which contain two atoms of metal 
in the molecule. j 

Uric acid has been the/subject of a large number of inter- 
esting investigations, and many derivatives have been obtained 
from it. It would only teAd to confusion to give an account of 
man}' of these derivatives pere. Hence only a few of the trans- 
formations which have bejfen effected, and which give an insight 
into the nature of the acia, will be mentioned. 

1. By heating uric acidl ammonia, hydrocyanic acid and urea 
are formed. I 

2. Heated with hydriodic acid, it yields carbon dioxide, anuno- 
nia, and glycine : — ! 

C5H4N4O8 -h 5 H2O.U 3 CO2 -f 3 NH3 + C2H5NO2. 

3. Oxidizing agents c<>nvert uric acid either into allantoin, 
a complicated substance) of the formula C4H6N4O3, or alloxan^ 
C4H2N2O4, which is closefly related to parabanic acid, or oxal}^ 
urea (see p. 203), and j barbituric acid, or malonyl urea (see 
p. 204). / 

Xanthine, O5H4N4O2, i4 found in some rare urinary* calculi 
and in several animal li(Jaids. It is formed by the action of 
nitrous acid on guanine, CLHsNgO : — 

C5H5N5O + HNoi = C5H4N4O2 + H2O -f- ]sr2. 
Tliis reaction shows that cuaniue is an amido derivative, and 
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that xanthine is the corresponding h^droxyl compound. (Why 
does this follow?) 



T^• ^u ^ *!.• I OlHeN.O,[= OsH.(OH3)«N.O.], is a 
Dimethyl-xanthine, > \ 

substance found in choeolaie prepared from the seed of the 

cacao tree. It has been m^de by treating the lead compound 

of xanthine with methyl ioditle. 

Caffeine, theine, trimelthyl-xanthine, 

C8HioN402 + H20[=C5Hjl:CH3)8N402 + H20], is the active 
constituent of coffee and tea. It has been made from theo- 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established 
between the active constituents of coffee, tea, and chocolate on 
the one hand, and xanthine and guanine on the other. 

Guanine, C,H5N50[=C5Hi(NH2)N40], is found principally 
in guano, from which it is prepared. Nitrous acid converts it 
into xanthine. Oxidizing stents convert it into guanidine, 
CN3H5 (seep. 199). 

■ 

Retrospect. 

Before passing on to the next division of our subject, it will 
be well to pause and consider briefly what we have learned 
thus far. 

In the first place, all the compounds which we have considered 
may be regarded as derived from the marsh-gas hydrocarbons 
or paraffins. 

By replacing the hydrogen atoms of 1 these hydrocarbons with 
chlorine, bromine, or iodine, we get {lj,the substittUion-prodiLCts 
of the hydrocarbons, j 

By introducing hydroxyl into a hydrocarbon in place of 
hydrogen, we get the bodies called |(2) alcohols^ of which 
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there are three classes : (a) the primary, (b) the secondary, 
and (c) the tertiai'y mcohols. 

By oxidizing primtarj- alcohols we get (3) aldehydes. 

By oxidizing secondary alcohols we get (4) ketones. 

By oxidizing alcohols, aldehydes, and ketones, we get (5) 
acids. 

Acids and alcohols act upon each other, forming (6) ethereal 
salts, and alcohols: can be converted into (7) ethers. 

Corresponding Ito the oxygen derivatives, we met with com- 
pounds containing sulphur, as (8) the sulphur alcohols, or 
mercaptans; (9) the sulphur ethers; and (10) the sulphonic 
a^ds. 

Next, we found compounds containing nitrogen. Under this 
head we consideiied cyanogen, and the allied compounds hydro- 
cyanic, cyanic, and sulpho-cyanic adds. Allied to these we 
found (11) the cyanides, and (12) the isocyanides; (13) the 
cyanates, and (14) the isocyanates; (15) the sidpho-cyanates, 
and (16) the iso-sulpho-cyanaies or mustard oils. 

Finall}', we found (17) compounds containing metals in combi- 
nation with radicals. 

Representatives of these various classes of compounds were 
considered, and the relations between them pointed out. 

We found poly-add alcohols and poly-basic adds. 

Under the head of mixed compounds were found compounds 
which belong at the same time to two or more of the funda- 
mental classes, a^ the hydroxy-acids^ the carbo-hydrates, and 
the amido-adds. \ A consideration of the amido-acids and 
the acid amides brought us naturally to the consideration of 
urea and its derivaiives, and of uric acid and its derivatives. 

We turn now to a new class of compounds, known as unsatu- 
rated compounds. 



CHAPTER XIII. 

UNSATURATED CARBON COMPOUNDS. — DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

^ All the compounds thus far con»dered are generally called 
saturated compounds. This is certkinly an appropriate name 
as far as the hydrocarbons themselves and some of the classes 
of their derivatives are concerned. The expression "saturated" 
is intended to signify that the compounds have no power to unite 
directlj' with other compounds or elements. Thus marsh gas 
cannot be made to unite directl}' with anything. Bromine, for 
example, must first displace hydrogen before it can enter into 
combination with the compound 

CH4 + Brg = CHgBr + HBr. 

The compound is saturated. 

On the other hand, a compound which can take up elements 
or other compounds directly is called unsaturated. Thus, phos- 
phorus trichloride is unsaturated, for it has the power to take 
up two chlorine atoms thus : — 

PCI3 + CI2 = PClft. 

Ammonia is unsaturated, for it can take up other elements : — 

NH3 -f- HCl = NH.Cl. 
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The condition of unsaturation is met with among carbon 
compounds in several forms : — 

First, The aldehydes, act like unsaturated compounds, as 
shown in their power t6 take up ammonia, hydrocyanic acid, 
and other substances. < 

Second. The ketones also act like unsaturated compounds, 
though their power in this way is less marked than that of tlie 
aldehydes. 

Thii^, The substitqted ammonias are unsaturated, in the 
same sense in which amftnonia itself is unsaturated. 

Fourth, The cyanidles take up hydrogen directly, and are 
therefore unsaturated alBo. 

In the substituted ammonias, and probablj^ in the cyanides, 
the unsaturation is due to the same cause as that in ammonia. 
In them the nitrogen is ti'ivalent. In contact with certain 
substances it becomes quinquivalent, and saturates itself. 

In the aldehydes and ketones, carbon is in combination with 
oxygen in the carbonyl condition. When they unite with 
hydrogen and some compounds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably changed, 
the latter being in the hydroxyl condition. The changes are 
usually represented b}' formulas such as the following : — 

CH3 . C >^ TJ + H2 = CHg 'C ^jjj^ JT ' 
CH3 CH3 

I I 



, CN 
C = + HCN= C^na- 

I I "^ 

CH3 .CH3 

In the carbonyl group the oxygen is represented as held by 
two bonds by th0 carbon atom, while in the hydroxyl condition 
it is represented as held by one bond. The signs may be used 
if care is taken to avoid a too literal interpretation of them. 
There are undoubtedly two relations which carbon and oxygen 



I 
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bear to each other in carbon compounds. These relations may 
be called the hydroxyl relation^ represenfled by the sign C— O— , 
and the carbonyl relcUion^ represented byvthe sign C = O. 

Fifth. There is a fifth kind of unsatuk*ation, dependent upon 
differences in the relations between carbon atoms^ and it is this 
kind which is oixlinarily meant when ur^saturaied carbon com- 
pounds are spoken of. 

The kind of relation between the cirbon atoms in all the 
saturated hydrocarbons is, so far as we know, the same as that 
which exists between the two carbon atoms of ethane, and 

' H H 

which is represented by the formulu H — C— C — H. This 

I ' • 

I H H 

formula signifies simply that the two j carbon atoms are held 
together b}' the forces which in marsh gjas enabled each carbon 
atom to hold one liydrogen atom. Al)stracting one hydrogen 
atom from marsh gas, union is effected between the carbon 
atoms. What would result if tvx) hyc rogen atoms were to be 
abstracted, and union between the carbons then effected? 
Theoretically we should get a compounc made up of two groups 
CH2, thus CHg.CHj, and presumably tl}e relation between the 
carbon atoms in this compound would be different from the 
relation between the carbon atoms in ethane. Without push- 
ing these speculations farther, it may be said that there is a 
well-known hydrocarbon which differs I markedly from ethane, 
having the formula C2H4, and showing Ithe property of unsatu- 
ration very clearly. This is olefiant gds or ethylene. It is the 
first of a homologous series of hydrocarpons, only a very few of 
which, however, are well known. These hydrocarbons yield 
derivatives like the paraffins ; though of these, as well as of the 
hydrocarbons, very few are known as compared with the number 
of the paraffin derivatives. Only a few of them are of much 
importance. 
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ty ETHYLENBf AND ITS DERIVATIVES. 

Hydrocarbons, CnHgn. 

^ The principal hydrocarbons of this series are included in the 
subjoined table : — j 

Ethylene • • • I ! C2H4. 

Propylene • • \ QHc- 

Butylene . . . \ "^ Q^^, 

Amylene . . . ). C5H10. 

Hexylene . . . | ^. CgHia. 

Heptylene . . ; C^Hi4. 






The members are homologous with ethjlene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen less than the paraffin with the same number 
of carbon atoms. 

-^Ethylene, oleflant gas, 02H4(= CH2.CH2). — This gas is 
formed when many organic substances are subjected to dry 
distillation. The two principal reactions which yield it are : — 
(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

CsHfiBr + KOH = C2H4 + KBr + H2O. 

This is the most important reaction for the preparation of the 
unsaturated compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to substances belonging to 
other classes. By means of it we have it in our power to pass 
from any saturated compound to the coiTesponding unsaturated 
compound of the ethylene series. Thus we pass from ethane, 
C2H6, to ethylene, C2H4, by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substitu- 
tion-product. Similarly, by treatment with alcoholic potash of 
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the mono-bromine substitution-products of other compounds, 
the corresponding unsaturated compounds may be made. 

(2) The action of sulphuric acid and other dehydration 

agents upon alcohol : — \ 

t 

C,H,.OH 4 C,H4 + HjO. 

I 

Bxpertment 51. In a flask <>f 2^ to 3^ capacity put a mixture of 
258 alcohol and 1508 ordinary concentrated sulphuric acid. Heat to 
leo"* to 170°, and add gradually through a funnel tube about 500<=c of a 
mixture of 1 part of alcohol and 2 p$rts of concentrated sulphuric acid. 
Pass the gas through three wash bottles containing, in order, sulphuric 
acid, caustic soda, and sulpliuric acid. Then pass it into bromine 
contained in a cylinder, provided w^th a cork with two holes. If the 
cylinder has a diameter of about 5^™;- let the layer of bromine be about 
5cm to 7^ thick. Upon it pour a somewhat thicker layer of water. 
Place the cylinder in a vessel contahiing cold water. Pass the gas 
into the bromine until it is completely decolorized. 

Ethylene is a colorless gas which may be condensed to a 
liquid. It burns with a luminous flame. With oxygen it forms 
an explosive mixture. Its most characteristic property is its 
power to unite directly with other substances ^ particularly with 
the halogens and their hydrogen acids. Tims it unites with 
chlorine and bromine, and with hydriodic and hydrobromic 
acids : — 

CsH4 -|- CI2 = C2H4CI2 \ 

C2H4 + Brg = C2ft4Br2 ; 
C2H4 -f HBr = CjiliBr ; 
C2H4 + HI = C2H5I. 

The products formed with chlorine ajnd bromine are called 
ethylene chloride and ethylene hrom))^. They have been 
mentioned under the head of halogen dep'ivatives of the paraf- 
fins. They are isomeric with ethylidend chloride and ethylidene 
bromide^ which are formed by substitution of two hydrogens 
of ethane with chlorine or bromine. / 
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Note. — The addition of brtipnine to ethylene is illustrated by the 
experiment last performed, in which ethylene bromide is formed. To 
purify the product, put a little cUlute caustic soda in the cylinder , and 
shake. Remove the upper layer pf water, and repeat the washing with 
dilute caustic soda. Then wasd with water two or three times, each 
time removing the water witli thejaid of the pipette described on p. 31. 
Finally, put the oil in a flask, add a few pieces of granulated calcium 
chloride, and allow to stand. Po^r off into a dry dlstilling-bulb, and 
distil, noting the temperature. 

A question which we may fairly ask concerning the structure 
of ethylene is this : Does it consist of two groups CH2, or of 
a methyl group, CH3, and CH ? Is it to be represented by the 
formula CH2.CH2 or CHg.CH? Perhaps the clearest answer 
to this question is found in the fact that the chloride formed by 
addition of chlorine to ethylene, and that formed by replacing 
the oxygen in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 

represented by the formula* CHj.C^. Hence, as has been 

pointed out, the chloride obtained from it must be represented 
thus, CH8.CHCI2. Hence, further, it appears highly probable 
that the isomeric chloride obtained from ethvlene must be 
represented thus, CH2CI.CH2CI. Now, as this substance is 
formed by direct addition of chlorine to ethylene, ethylene has 

the formula i , and not I 
CH2 CH 

As regards the relation b/tween the two carbon atoms of 

ethylene we know nothing, sate that it is probably different 

from that which exists between the carbon atoms of ethane. 

CHj, 
It is usually represented by ifie sign = ; thus, 11 . We must 

necessarily leave the qnestio;! open as to the relation between 
the carbon atoms in ethylqjie. If the above sign is used, it 
should serve mainlv as an iiMlication of the kind of unsatiu'ation 
met with in eth3uene, th€(,^ compound in whose formula it is 
written having the power to take up two atoms of bromine, a 
molecule of hydrobro;nic acid, etc. 
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The homologues of ethyltjne bear the same relation to it that 
the homologues of ethane bdar to this hydrocarbon. Propylene 

is methyl-ethylene, II ,'J^st as propane is methyl-ethane, 

CHj.CHs ^^» 1 CH.CHj C(CH3), 

I . Butylene is dimethyl-ethylene, I , or i , 

CH, CH.C,H, I CH.CH, CH, 

or ethyl-ethylene, • . f That is to say, in other words, 

CH| » 

in the hydrocarbons of the' ethylene series the ethylene condi- 
tion between carbon atoms occurs only once. 
The higher members of thi series teed not be considered. 

Alcohols, C„H2nO. 

These alcohols bear to th^ ethylene hydr6carbons the same 
relation that the alcohols of the methyl alcohol series bear to 
the paraffins. Only one is well known. This is the second 
member con*esponding to propylene. 

y^ AUyl aloohol, OsH60(4oHa . CH . CHjOH) . — This alcohol 
is formed in several ways from glycerin. 

1. By introducing two <ihlorine atoms into glycerin in the 

place of two hydroxyls, thu^ getting dichlorhydrin, C3H5CI2 . OH : 

t 

CH2OH I CH2CI 

CHOH + US = ^HCl + 2 HaO ; 
I ^P I 

CH2OH i CH2OH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CH2GI 0x12 

I • I 

CHCl + 2 iSTa = CH +2 NaCl. 
I I 

CHjOH CHjOH 
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2. By treating glycerin with the iodide of phosphorus^JThis 
gives allyl iodide, C3H5I. By treating the iodide wixhsilver 
)xide it is converted inljo the alcohol. '*' 




soiling between 99° and 100^ It 



3. Most readily by treatiiig glycerin with oxalic acid, as in 
the preparation of formic aad. The mixture is heated to 220° 
to 230°, when allvl alcohol tasses over. 

It is manufactured in thia way on the large scale for the pur- 
pose of making artificial oil pf mustard. The reactions involved 
are quite cpmplicated. 

Allyl alcohol is a liquid 
has a penetrating odor. 

Nascent hydrogen, from sine and hydrochloric acid, converts 
it partially into propyl alcol ol : — 

C3H5.OH |f H2 = C3H7.OH. 

The relation between all^ 1 alcohol and propyl alcohol is the 
same as that between ethyl me and ethane. 

Allyl alcohol, like ethy ene, unites directly with bromine, 
h3'drobromic acid, etc., the products being substitution-products 
of propyl alcohol : — j 

CgHfi.OH +!HBr = CaHgBr.OH, 

Monobrom-propyl alcohol. 



^ 



CsHg.OH +j2Br = CgHsBrg.OH. 

Dibrom-propyl alcohol. 



Allyl compounds. — Among the derivatives of allyl alco- 
hol which are of special interest ih allyl sulphide^ (^8115)28, 
which is the chief constituent of the oil of garlic. It may be 
made artificially by treating a^yl iodide with potassium sul- 
phide : — 
^ 2 C3HJ + K2S = [C,lls)2S + 2 KI. 

I 

4 

It is an oily liquid of a disagreea|ble odor. 

V^ Allyl mustard oil,- SON. O3H5. — Under the head of 
Sulpho-cyanates mention was made of a series of isomeric 
bodies called isosutpJio-cyanates or favstard oils. The sulpho- 



t\ 
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cyanates of the alcohol radicals are made from potassimn 

sulpho-cyanate. Thus, methyl sulpho-cyanate is made by 

mixing together potassium | methyl-sulphate and potassium 
sulpho-cyanate, and distilling|: — 

NC8K 4- ^^'^ I SO2 = K2SO4 + NCSCHg. 

KO 3 2 4^ 

The mustard oils, on the other hand, are made by a comph- 
cated reaction from carbon bisulphide and substituted ammonias. 
The conduct of the sulpho-cyanates led us to the conclusion 
that they must be represented by the formula NC— SR, while 
that of the isosulpho-cyanates or mustard oils led to the for- 
mula SC— NR, as representipg their structure. AUyl mustard 
oil is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 178) in 
mustard seed. From the glucoside it is formed by fermenta- 
tion. It is formed by treating allyl iodide with potassium 
sulpho-cyanate. We would faaturally expect this reaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the- sulpho-cyanates. 

Allyl mustard oil is a liquid, boiling at 150.7°, and haying a 
penetrating odor. 

With zinc and hydrochloric acid it is converted into allyl- 
amine, NH2.C3H5, hydrogen sulphide and carbon dioxide. This 
reaction indicates that in allyl mustard oil the radical allyl is in 
combination with the nitrogen and not with the sul^nur. 

Note for Student. — What change do the mustard oils In general 
undergo when treated with nascent. hydrogen? What change do the 
sulpho-cyanates undergo under the dame circumstances? 

\/'. Acrolein, acrylic aldehyde, 03H4O(= O2H3.COH). — Acro- 
lein may be made by careful oxidation of allyl alcohol. It is 
formed by the dr}- distillatioti of glycerin which breaks up into 
water and acrolein : — ; 

C3HA = C8H4O -h 2 H3O. 



\' 
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. 1 
It is, hence, formed also by heating the ordinary fats, the 

peculiar penetrating odor noticed when fatty substances are 
heated to a sufficiently high temperature being due to the forma- 
tion of acrolein. It is prepared best by heating glycerin with 
acid potassium sulphate. 

Experiment 62. In a test-tube mix anhydrous glycerin (I part) 
and acid potassium sulphate (2 parts), and heat the mixture. Pass 
the vapors through a bent tube into water contained in another test- 
tube. Notice the odor. Try the effect on a dilute solution of nitrate 
of silver. What is the meaning of this reaction? 

Acrolein is a volatile liquid which boils at 52.4°. It has an 
extremely penetrating odor, and its vapor acts violently upon 
the eyes, causing the secretion of tears. 

Acrolein takes up oxygen from the air, and is converted into 
the corresponding acid, acrylic add^ C3H4O2 (which see) . 

It takes up hydrogen, and is thus converted into allyl alcohol. 

It takes up hydrochloric acid, and is converted into )S-chlor- 
propionic aldehyde : — 

CjjHs.COH + HCl = CH2CI.CH2.COH. 

^-chlor-propionic aldehyde. 

i 

The first two reactions j are characteristic of aldehydes in 
general ; the last one is chaijacteristic of unsaturated compounds 
belonging to the ethylene gtoup. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites with ammonia forming acrolein-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. 

ACIDS^ CnH2n_202. 

I 

Running parallel to the ethylene series of hydrocarbons, and 
bearing the same relation to it that the fatty acid series bears 
to the paraffins, is a series oi acids of which the first member 
is acrylic acid, C8H4O2. Several members of the series are 
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known. The principal members are named in the subjoined 
table : — 

ACRYLIC ACID SERIES. 

Acids, C„H2n-202. 

Acrylic acid C3H4O2. 

Crotonic " C4He02. 

Angelic " CsHgOg. 

Hydrosorbic " CeHioOa. 

Teracrylic " C7H12O2. 

Cimic " C15H28O2. 

Hypogseic " C16H30O2. 

Oleic " CisHs^Oa. 

Erucic " C28H4202. 



Of most of the higher members of the series several isomeric 
modifications are known. Only a few of these acids will be 
considered here. ^ 

^ Acrylic acid, 03H4O2(= ClHa.OH.OO2H).— This acid has 
already been mentioned in connection with hydracrylic acid, 
which, when heated, breaks up, into acrylic acid and water: — 

CH2 . OH . CH2 . CO2H = jCH2 . OH . CO2H + HaO. 

Hydracrylic aeid. : Acrylic acid. 

Note for Student. — This rea^ption is analogous to that which 
takes place when ordinary alcohol i^ converted into ethylene. In what 
does the analogy consist? What £U;id is isomeric with hydracrylic 
acid? How does it conduct itself w^en heated? Compare the trans- 
formation of hydracrylic acid into acl^rlic acid with that of malic into 
malel'c and fumaric acids, and with thit of citric into aconitic acid. 

Acrylic acid may be made by carefnl oxidation of acrolein 
with silver oxide. The relations \ between propylene, C^EEe, 
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allyl alcohol, C3H5.OH, acrolefti, C2H8.COH, and acrylic acid, 
C2H3.CO2H, are the same as those between any hydrocarbon of 
the paraffin series, and the corresponding primary alcohol, 
aldehyde, and acid. 

Acrylic acid may be made further by treating /S-iodo-propi- 
onic acid with alcoholic potash : — 

CH2I .CH2 .CO2H != CH2 .CH .CO2H + HI. 

Note fob Student. — Compare this reaction with that by which 
ethylene Is made from ethyl bromide. 

Acrylic acid is a liquid having a pungent odor, iu boils at 
140°, and solidifies at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hydri- 
odic acid unites directly with it, forming )S-iodo-propionic acid. 

Note for Student. — Whjit are the analogous reactions with allyl 
alcohol and acrolein? 1 

Many derivatives of acnylic acid have been studied, but they 
need not be taken up here/ 

Crotonio aoid, G4H6O2. — Crotonic acid is made from allyl 
cyanide, the reactions involved being represented by the 
following equations : — 

CsHJ + KCN 1 = C3H5.CN + KI ; 

AUyl iodide. \ Allyl cyanide. 

CsH^.CN + 2HiO = CsHjCOgH .+ NHg. 

Crotonic acid. 

It may be made also by pistilling )S-hydroxy-butyric acid, 
CH8.CH(OH).CH2.C02H, wthen a reaction takes place similar 
to that involved in the preparation of acrylic from hydracylic 
acid. Further, it may be malde by treating a-brom-butyric acid 
with alcoholic potash. 

.^ Oleic acid, O18H34O2. — This acid was spoken of in con- 
nection with the fats, it being one of the three acids found 
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most frequently in combinatiop with glycerin. Oleuu or 
glyceryl tri-olea te, is the liquid fat, and is the chief constituent 
of the fatty oils, such as olive /oil, whale oil, etc. It is con- 
tained also in almost all ordinam- fats. In the preparation of 
stearic acid for the manufacture of candles, the olei'n is pressed 
out of the fats. To prepare tjie acid, olein is saponified, and 
the soap then decomposed with /hydrochloric acid. 

Note for Student. — Give tlJe equations representing the reac- 
tions involved in passing from olem, or glyceryl tri-oleate, to oleic acid. 



Oleic acid is a crystallized 
temperature (14°). It unites 
stearic acid. Hydriodic acid c 



substance which melts at a low 
with bromine, forming bibrom- 
iverts it into stearic acid : — 



C18H34O2 + H2 = C18H38O2. 

OleYo add. I Stearic acid. 

P0LTBA810 Acids of the Ethylene Group. 

There are a few bibasic acids which bear to the ethylene 
hydrocarbons the same relations that the members of the oxalic 
acid series bear to the paraffins. They may be regarded as 
derived from the hydrocarbons by the introduction of two 
carboxyl groups. 






\-, Acids, OaHaCOOzEDz. — There ire two acids of this formula, 
both of which hav.e been mentioned. They are fumaric and 
maleic acids ^ which are formed h}j the distillation of malic acid. 

Note for Student. — What is tie reaction? 

Fumaric acid may also be made by treating brom-succinic 

CHBr.COjH { 

acid, I , with alcoholic potash. 

CHj .COjH 

Note for Student. — What is lihe reaction? 

Both fumaric and maleic aciAs are converted into succinic 
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acid by nascent hydrog^, and into brom-saccinic acid by 
hydrobromic acid. The [character of the isomerism of these 
two acids is not understood. Their easy transformation into 
Buccinic acid and brom-puccinic acid shows that the formula 

CH.COjH 

I applies to both/of them. 

CH .COaH ^ 

yjti Acids, C5H6O4. — Thebe are three acids of this formula, all 

of which are obtained, either directly or indirectly, from citric 

acid. They are known as itaconic^ citraconic^ and mesaconic 

acids. They bear the same relation to pyrotartaric acid, 
CO H I 

CjHe < r*nri9 *^^* f umaric and maleic acids bear to succinic acid. 

All are converted into pyrotartaric acid by treatment with 
nascent hydrogen. 



^ 



^(=k 



Aoonitio acid, [06H6O6(= paHsCOOaH).,)]. — Aconitic acid is 
the only tri-basic acid of thi \ group that need be mentioned. 
As has been stated, it is fo med when citric acid is heated to 
175®. It is found in nature in aconite root, and in the sap of 
sugar-cane and of the beet. / 

Nascent hydrogen convprts it into tri-carballylic acid, 

C8H5(C02H)8. 






Acetylene and its Derivatives. 

The principal reactio is by means of which we are enabled to 
pass from a hydrocarbon of the paraffin series to the corre- 
sponding hydrocarbon of the ethylene series consist in intro- 
ducing a halogen iutol the paraffin, and then treating the 
mono-halogen substitution-product with alcoholic potash : — 

CaHJBr = C2H4 -|- HBr. 

The effect of these tWo reactions is the abstraction of two 
hydrogen atoms from fhe paraffin. The following questions 
therefore suggest themselves : — 

Suppose a dibrom sulilstitution-product of a paraffin be heated 



\ 



\" 
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with alcoholic potash; will the effect be that represented by 

the equation 

CsH^Br, = C,Hj + 2HBr? 

And, fVirther, suppose a mono-substitution product of an 
\^AN?ethylene hydrocarbon be treated with alcoholic potash ; will the 
^ ^ effect be that represented by the equation 

"^ ^ " CsPgBr = C2H2 + HBr? 

If so, it is plain that we have it in our power to make a new 
series of hydrocarbons, the members of which shall bear to the 
r ethylene hydrocarbons the same relation that the latter bear to 
^ the paraffins. The general formula of this series would be 

CnHjn.j, that of the ethylene series being CnH2n, and that of the 
paraffin series, CnH2n+2. 

A few members of the hydrocarbon series, CnH2n_2? are 
known, though only one is well known, and only this one need 
be considered. 

\ y Acetylene, C2H2. — Acetylene is formed by direct combina- 
"i^^'Xtion of hydrogen and carbon when a curi'ent of hydrogen is 
^ passed between carbon poles, which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gas and some other substances 
are burned in an insufficient supply of air ; and whe n ethylege 
bzQiiiide is treated with alcoholic potash : — 

CaH^Brg = CgHg + 2 HBr. 

It may be prepared most conveniently bj' the incomplete com- 
bustion of coal gas. 

Experiment 53. — Light a Bunsin burner at the base, and turn it 
down so that the flame is small. The condition is the same as that 
observed when a burner "strikes brick." The odor noticed, which is 
familiar to every one who has worked in a chemical laboratory, is 
that of acetylene, which is mixed /with the products given off from 
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tbe bamer- To collect thugaa, arrange nn apparatus as shown In 
Fig. 13, Place the glass tinticl orer the burner, from which acety- 
lene is given o£f. In B put/a strong solution of ammoniacal cuprous 
chloride prepared as folloii-s : Make a saturated solution of 1 part 
common salt and 2J parts crystallized copper sulphate. Saturate with 
BQlpbur dioxide. FUter, and wash with acetic acid. Dissolve the 
-wlilte cuprous chloride In G/mnionla. 



Connect the apparatus Bt C with some liind of aspirator (snction- 
pump, a gasometer filled mth water, etc.), and draw the gases slowly 
through the solution. Tba acetylene will tie absorbed by the copper 
solution, and a precipitate ^rmed (see Exp, 54). 

Acetylene ia a gas of an unpleasant odor. It bums with a 

luminous, sooty flame. 

When heated to a aufficiently high temperature, it ia con- 
v ertfid into the poly meric stiTistaJlceB. benzene, CeHj, and sty- 
rene, C^,. It un ites w ith_ hydrogen to form ethylene and 
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ethane. It unites with nitrogen, under the influence of the 
sparks from an induction coil, forming hydrocyanic acid : — 

C2H2 4- 2 N = 2 HCN. 

' Aoft^ y]pnft formp some cu ^^^^jfj pr>mp/^i^|^/^a wifh TTipJ]fl|}pQ]}j? 
metallic o xides. Among them may be mentioned the copper 
compound obtained in Exp. 58. This has the composition, 
C2H2.CU2O, being a compound of acetylene and cuprous oxide. 
It is a reddish-brown substance which is insoluble in water. 
When dry, it explodes violently at 120°. Hydrochloric acid 
decomposes it, acetylene being evolved. 

Experiment 54. Filter off the precipitate obtained in Exp. 53, 
and wash it until the wash-water runs through colorless. Bring the 
precipitate, together with a little water, into a flask furnished with a 
funnel-tube and a delivery-tube. Slowly add concentrated hydro- 
chloric acid, and notice the evolution of gas. Collect some of it 
in a small cylinder over water, and bum it. 

Acetylene unites with bromine, forming the compound 
C2H2Br4, tetra-brom-ethane. It unites with hydrobromic and 
hydriodic acids, forming substitution-products of the satu- 
rated hydrocarbons : — 

02112 "1 2 HI = (^211412* 

Most of the higher members of the acetylene series of hydro- 
carbons bear to acetylene the same relation th^t the higher mem- 
bers of the ethylene series bear to ethylene. The first one is 

C/.C/Hs 

Allylene or methyl-acetylene . . . . | ; 

the second is 

CC2U-5 
EthyUacetylene | , 

CH 

C.CHg 
or Dimethyl-acetylene ....... | 

CCHj 
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It should be noticed in this connection that there is a hydro- 
carbon of the formula C^Tl^, which, str ictly speakin^^ is no t 

a homolc^ue of acetylene , though it is very closely allied to 

CH = CH, 
dimethyl-acetylene. It has the formula I 

CH==CH, 
The h omologues of acetylene may b< ^ riiviHA d intn tw n 
cl asses : — 

1. Those which are obtained from acetylene by the replace- 
ment of one or both the hydrogen atoms by saturated radicals, 
such as methyl, eth}!, etc. These may be called the true homo- 
logues. They all re tain the condition ppifinlia r to flr>Af,Y]^T^^. 

2. Those in which the ethylene condition occurs twice, as in 
the hydrocarbons of the formulas 

CH=CH2 C(CH3)2 

I , II , etc. 

OH = 0x12 ^ ^^ CH2 

These may be called di ethvlene r^pfnmn±ii)PR . 

We know nothing regarding the relatioi/ftetween the carbon 

atoms in acetylene. It is commonly represented by three lines 

. . , CH 

(=),or three dots (j). Thus, acetylen/is written |,| or CHjCH. 

CH 

Like the sign for the ethylene conditfon, it should not be inter- 
preted too literally. It is best tc/ regard it as the sign of a 
condition best illustrated in acet3lene, and which may therefore 
be called the acetylene condition J We recognize this condition in 
a compound by the power of the compound to take up four atoms 
of a halogen^ or two moleculee of hydrobromic Oicid and similar 
adds; though, as we have /een, these reactions are not distinc- 
tive for the acetylene condition, for the reason that the diethy- 
lene compounds have tjljc same power. 

T 

Propargryl alcohol, OsHiO. — This alcohol is mentioned ' 
merely as an example of alcohols which are derived from the 
acetylene hydrocarbons. It is the hydroxy 1 derivative of 
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allylene, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, CsH4Br.0H, with alcoholic potash: — 

C8H4Br.OH = CgHa.OH + HBr. 

Acids, Cjfi^^fii. 

These acids are the carboxyl derivatives of the acetylene 
hydrocarbons, and hence differ from the members of the 
acrylic acid series by two atoms of hj'drogen each, and from 
the members of the fatty acid series by four atoms of hydro- 
gen each. 

/ CH \ 
Propiolio acid, CsHsO,! = | 1. — The bromine and 

^ O . OOjH/ 

chlorine substitution-products of this acid are more easily made 

and are better known than propiolic acid itself. Chlor-propio- 
lic acid is obtained by treating dichlor-acrylic acid with baryta 
water : — 

C2HCI2.CO2H = C2CI.CO2H + HCl. 

/ O.OHs \ 
Tetrolic acid, 04H402( =1 1, is obtained by treating 

\ C.OO2H/ ^ 

J^-chlor-crotonic acid with caustic potash : — 

CCl .CHg C.CHg 

I = I + HCl. 

CH.CO2H C.CO2H 

Sorbio a,cid, 06H8O2(= O5H7.OO2H). — This acid occurs in 
the unripe berries of the mountain ash. It takes up hydrogen 
and yields kydrosorhic acid, a member of the acrylic acid series 
(see table, p. 218). It also takes up bromine, the final product 
of the action being an acid of the formula C5H7Br4.C02H. With 
hydrobromic acid it forms dibrom-caproic acid : — 

C5H7.CO2H + 2HBr = QHgBrg.COsH. 

Dibrom-caproic acid. 



. < 
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Leinoleic acid, Ci6H2802C= O15H27.OO2H). — This acid occurs 
in the form of an ethereal salt of glycerin in linseed oil. It may 
be obtained from linseed oil by saponification. It is an oily 
liquid, one of the most marked properties of which is its power 
to take up oxygen from the air, being thus transformed into a 
solid substance. Linseed oil itself has this property of harden- 
ing or drying. It is the principal substance belonging to the 
class of drying oils. The oil is used extensively as a constituent 
of varnishes and of oil^ paints. 



Valylene, C^EU. — We have thus far had to deal with three 
series of hydrocarbons of the general formulas C^^n + 2? ^xi^2n^ 
and CnH2n-2' ^^ naturally inquire whether there is a series of 
the general formula C^^n-^' A few members of the series have 
been prepared by abstracting hydrogen from ceii»in of the acety- 
lene h^'drocarbons by the action of alcoholic potash on the bro- 
mine derivatives. Thus, valylene^ CaHe, has been made by 
treating valerylene bromide, CgHgBrg, with alcoholic potash : — 

QHsBra = CsHg + 2 HBr. 

It is a liquid. Its most characteristic property is its power to 
unite with bromine to form the saturated compound CsHeBre. 

Dipropargyl, CeHe. — Dipropargyl is obtained from the 
compound dibrom-diallyl, CeHgBrg, by boiling with alcoholic 
caustic potash : — 

Qi^nL^Y^ = CgHe -f- 2 HBr. 

It unites very readily with bromine, forming, as the final 
product of the action, the compound CgHeBrs, which is an 
octo-bromine substitution-product of hexane, C6H14. 



The unsaturated h3'drocarbons and their derivatives thus far 
considered are obtained by simple reactions from the saturated 
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compounds, and they all have the power to take up readily 
bromine, hydrobromic acid, etc., and thus to pass back to the 
saturated condition. Whatever the real nature of the relation 
between the carbon atoms in all these unsaturated hydrocarbons 
may be, it certainly is easily changed to the condition which 
exists in the saturated compounds. There are several hydro- 
carbons, however, which are unsaturated but which are not 
easily converted into derivatives of the saturated hydrocar- 
bons. Although under some circumstances they with diffi- 
culty unite directly with the halogens, they do not take up 
enough to convert them into derivatives of the paraffins ; and 
the products which are formed are unstable, easily giving up 
the halogen atoms with which the}'^ united. The simplest 
hydrocarbon of this new kind is the well-known benzene, 
which is isomeric iflth dipropargyl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstraction of hydrogen by the 
reaction chiefly used can be pushed further than it has thus 
far been pushed. Can we, in other words, by means of this 
reaction get hydrocarbons of the formula CnHgn-s which have 
the power to unite directly with ten atoms of bromine ? Such 
' hydrocarbons have not been prepared. Hydrocarbons of the 
formula C„H2n-8 are known ; but they are not made from the 
paraffins by abstracting hydrogen, and they are not converted 
into substitution-products of the paraffins by the addition of 
halogens and halogen acids. The compounds which have 
been considered fall under five general heads, according to the 
formulas of the hydrocarbons. These heads are, — 

1. Hydrocarbons^ ^xP'2ti + 2^ the paraffins and their derivatives, 

2. Hydrocarbons^ CnH2n, or olefins and their derivatives. 

3. Hydrocarbons^ CnH2n_2, or the acetylene hydrocarbons (wA 

their derivatives, 

4. Hydrocarbons^ ^r^itx-Ai ^'^d their derivatives. 

5. Hydrocarbons^ CnHgn^e, and their derivatives. 
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This classification, while strictly correct, is misleading, inas- 
much as it conveys no idea in regard to the relative importance 
of the compounds of the different classes. As we have seen, 
the only compounds whose treatment required much time are 
those of the first class. These compounds stand out promi- 
nently, and are distinguished by the frequency of their occur- 
rence and their great number. The compounds of the second 
class are much less numerously represented, and but a small 
number of them are familiar substances. While a few sub- 
stances belonging to the third class are known, our knowledge 
in regard to the class is much more limited than even that 
of the second class. Finally, as regards the fourth and fifth 
classes, the few representatives of them that are known are at 
present scientific curiosities. Thus, after we leave the parafiSn 
derivatives, our knowledge dwindles away very rapidly when 
we pass to the following classes, until it ends with a single 
compound in the fifth class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side with the group of paraflin derivatives. 



CHAPTER XIV. 

THE BENZBNQ SERIES OF HYDROCARBONS.- 

AROMATIC COMPOUNDS. 

The fandamental substance of this group is benzene, CgHe, 
which bears to the group the same relation that marsh gas 
bears to the group of paraffin derivatives. Benzene, together 
with some of its homologues, is a product of the distillation of 
bituminous coal, and is, therefore, contained in coal tar. . Afi. 
co al tar is the raw material from which all benzene deri vatives 
a re obtained , it will be well briefly to consider the conditions 
of it^ormation and the method of obtaining pure hydrocarbons 
from it. 

Coal tar is a thick, black, tarry kqiiid, which is obtained in 
the manufacture of illuminating gas from bituminous coal. 
The coal is heated in retorts, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in them the liquid and volatile solid products are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from which a great many substances have been 
obtained. Among those most readily obtained from it are the 
iiyHf^pnrbAPH nf fhp hftngipnp ftprjep., aswell as the hyd rocarbons 
naphthalene and an thrac ene, both of which are important sub- 
stances. 

When the tar is heated, of course the most volatile liquids 
pass over first. These are collected in vessels containing water. 
The first portions of the distillate float on water, and constitute 
what is called the light oil. After a time hydrocarbons and 
other substances of greater specific gravity than the light oil 
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pass over. These portions sink under water, and constitate the 
heavy oU. 

The light oil is treated with caustic soda, which removes 
phenol (carbolic acid) and similar substances, and with 
sulphuric acid, which removes certain basic compounds. The 
residue is then subjected to fractional distillation, by which 
means the first two members of the series can be obtained in 
very nearly pure condition. As these hydrocarbons form the 
basis of a number of important industries, they are separated 
from coal tar on the large scale. 

The principal members of the series are named in the table 
below. 

HYDROCARBONS, CnH2n-6. 
Benzene Series. 

Benzene C^He* 

Toluene CjHg. 

Xylene CgHjo. 

Mesitylene ) p „ 

Pseudocumene j • • 9 12* 

Durene 1 ^ tj 

Cymene ) 

Hexa-methyl benzene C12H18. 

Benzene, CeHe. — Benzene is prepared, as above desciibed,\^ 
from the light oil obtained from coal tar. It is also prepared "^ 
by heating benzoic acid with lime, when the acid breaks up 
into carbon dioxide and benzene : — 

C7HQO2 = CgHg + C02» 

Note for Student. — What is the analogous method for the 
preparation of marsh gas? 

Benzene has been made further by simply heating acetylene : 

o C/2^2 ^ ^eHs' 
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To purify the hydrocarbon obtained by fractional distillation 
PiaA^ from light oil, it is cooled down to a low temperature, and that 
,'bA/'^*'^*^hich does not solidify is poured off. The crystals are pressed 
^. in the cold between layers of bibulous paper, and are then very 
nearly pure benzene. This may be further purified by treat- 
ment with sulphuric acid, which removes a small quantity of a 
substance containing sulphur, and known as f^jgy^gg^. Per- 
fectly p ure benzene is obtained by ( |ipt.i11ing pn^^ bfipy,oif*.^iH 
with lirae# . 

I Experiment 55. Mix intimately 50e benzoic acid and lOQs quick- 
lime, and distil from a flask conOected witli a condeDser. See tliat the 
materials and apparatus are dry. Add a little calcium chloride to tlie 
distillate ; and, after it has stood for an hour or two, redistil it from 
an appropriate sized distilling-bulb, noting the temperature at which it 
boils. Put the redistilled hydrocarbon iu a test-tube, and surround it 
with a freezing mixture. 

Experiment 56. — In most places where there are gas-works it will 
not be difficult to get a quautitr of light oil. The separation of some 
of this into beuzene and toluen|, and the purification of the two hydro- 
carbons, is the best possible imtroduction to a study of the aromatic 
compounds. The beuzene aud folueue thus obtained may be used in the 
preparation of a number of tjpical derivatives according to methods 
which will be described. In f rictioning the light oil, it wiU be observed 
that there is a tendency to am accumulation of the distillates in the 
parts boiling near 80° (the boijing-poiDt of benzene) and 110^ (the boil- 
.' ing-point of toluene). The final purification of the benzene should be 
'' ^ eflfected by freezing and pressing, as described above. The toluene 
should be distilled until by redistillation its boiling-point is not changed. 



«- 
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\ Benzene is a colorless liquid which boils at 80.5 . It has a 
/peculiar, pleasant odor. Several of the homologues of benzene 
have a similar odor. Hence the name aromatic compounds was 
given to them originally, and it is still in general use. Benzene 
is lighter than water, its specific gravity being 0.899 at 0°. It 
burns with a bright, luminous flame. 

Experiment 57. — Pour a layer of benzene on water in a small 
evaporatiug-dish. Set fire to it. 
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At 0® benzene solidifies, forming rhombic prisms. It is an 
ex cellent solvent for oily jand j:ealQO]iis.subatances.^ 

C hemical conduct of benze ne^ a nd hypothesis regardina its 
^ru^^. In the light of thto knowledge we have already 
gained in studying hydrocarbons which contain a smaller pro- 
portion of hydrogen than the paraffins do, we would naturally 
expect to find that benzene can easily be converted into a 
derivative of hexane. We would naturally expect to find 
^that it unites with bromine, just as dipropargyl does, to 
jl^form an octo-brom-hexane thus, — 

''^% CeHe + Brs = CeHeBrg ; 

ith hydrobromic acid to form tetra-brom-hexane thus, — 

CeHe + 4 HBr = CeHioBr^ ; 

#» 

and probably with hydrogen to form hexane, — 

m 

CeHe + 8 H = CeHi4. 

But none of these reactions takes place. Hydrobromic acid, 
which acts so readily on all the unsaturated compounds hitherto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takes place with the saturated paraffins. It is 
s ubstituti on^ and not additio n. Thus, bromine forms mono- 
brom-benzene, CeHjBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a prod- 
uct is formed which has the formula CeHeBre, known as 
benzene hexabromide^ and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable conj- 
poundy — much less stable than benzene. When heated, it 
breaks up, partly according to the equation 

CeHeBre = CeHgBrs + 3 HBr, 

1 Benzene, the chemical individual of the definite formula C^, must not be con- 
founded with "benzine," the commercial substance obtained in the refining of petro- 
leum (seep. 110). 
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the chief product being a substitution-product of benzene, — 
tri-brom-benzene, CgHgBrs. 

Treated with hydriodic acid, benzene takes up six atoms of 
h3'drogen, and yields a hydrocaHk>n, CJH-u^ which, however, does 
not act like a member of the ethylene series, as it appears to 
have no power to take up bromine, etc., and shows a marked 
tendency to pass back into benzene, particularly under the influ- 
ence of oxidizing agents. 

The facts mentioned show clearly that benzene differs in some 
way fundamentally from all the hydrocarbons which have been 
considered. But these facts are not sufficient to enable us to 
fonn a hypothesis in regard to its structure. On studying the 
man}' substitution- products of benzene, however, we soon become 
acquainted with facts of a different order and of the highest im- 
portance. 

'' It will be remembered that our theory in regard to the rela-\ 
' tions of the paraffins to each other is based upon the fact, that 
C ^ only one mono-substitution product of marsh gas can be obtained 
^ / with any given substituting agent. There is but one chlor- 
•*„ methane, but one brom-methane, etc. This fact leads us to 
\ / believe that each hydrogen atom of marsh gas bears the same 
relation to the carbon atom, or that marsh gas is a sj'mmetrical 
' y compound. A similar conclusion has been reached in regard to 
benzene ; and it is based upon a most exhaustive study of the 
substitution-products. Notwithstanding almost innumerable 
efforts to prepare isomeric mono-substitution products of ben- 
zene, no such isomeric substances have been prepared. There ; 
is but one mono-brom-benzene, but on^^ meno-'CBTor-benzene, 
Qtc, etc. Further, mono-brp iyi-T^^"''^'^y|]^i[=) \} ^en prepared by 
replacing the six hydrogen atoms of benzene successively by 
br omine ; and the product has been foUnd to be the same, no 
matter which hydrogen is replaced. |As this fact is of funda- 
mental importance, it will be well to consider how it is possible 
to replace the six hydrogens successively, and to know that in 
3ach case a different hydrogen atom is replaced. While it would 
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lead us too far tol consider this subject in detail, the principle 
made use of can lie made clear in a few words : — 

We have a compound, the formula of which is CeH«. Write 

1 2 3 4 I 6 

it thus, CfiHHHHHH, numbering the hydrogen symbols to facil- 

1 1 

itate reference to them. The problem is to replace, say H, by 

bromine ; in a se<!^nd case, to replace H by bromine ; in a 

third, H, etc ; and tp compare the six mono-brom-benzenes thus 
obtained. Suppose we treat benzene with bromine. We get 
a mono-brom-benzene, and we know that one of the hydrogen 
atoms is replaced by bromine, but of course we cannot tell 
which one. , We maty assume that it is any one of the six 
represented in the alilove formula. For the sake of the argu- 

1 I 2 8 4 5 6 

ment, call it H. Otir compound is therefore CeBrHHHHH. 
Now treat this compound with something else which has the 
power to replace the hydrogen, say nitric acid. A second 
hydrogen atom is replaced by the nitro group NOg. Again, 
we do not know which one of the hydrogen atoms is replaced 
in this operation, but we do know that it is a different one 
from that which was replaced by the bromine in the first 

operation. Call it H. We have, therefore, the compound 

3 4 5 6 

C(5Br(N02)HHHH. By treating this* compound with nascent 

hj-drogen, two reactions take place, the chief one for our 

present purpose being the replacement of the bromine by 

1 
hydrogen. In other words, H is put back into the com- 

1 8 4 5 6 

pound again, and we have C6H(N02)HHHH. By means 
of two reactions which will be considered a little later it is 
a simple matter to replace the nitro group by bromine. This 

I 13 4 5 6 

done, we have the coijipound CgHBrHHHH, or a mono-brom- 
benzene, in which th^ bromine certainly replaces a different 
hydrogen atom from that replaced by direct substitution. The 
two products are, however, identical. The above explanation 
will serve to make the principle clear which is involved in the 
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study of the relations which tlJ^ hj'drogen atoms contained in 
benzene bear to the molecule. iThe principle has been applied 
successfully to all the hydrogen atoms, and, as already stated, 
the result is the proof that all jthese hydrogen atoms bear the 
same relation to the molecule. 

Thus far we have formed no conception in regard to the rela- 
tions existing between the constituents of benzene. Can we, 
on the basis of the facts above stated, form any satisfactory 
conception in regard to these relations ? How can we imagine 
six carbon atoms and six hydrogen atoms arranged so that all 
the latter shall bear the same relation to the molecule? The 
simplest couception is that each carbon is in combination with 
one hydrogen, and that the six carbon atoms are arranged in 
the form of a ring, and not, as in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, this conception is symbolized in the 
formula 




or, as the curved lines have no special significance, the expres- 
sion becomes jj 

I I 

HCv /CH 

H 

This symbol, then, is the expression of a thought which is 
suggested by a study of the chemical conduct of benzene. 
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Before we can accept it as probable, it must first be tested by 
all the facts known to us. If it is not in accordance with all of 
them, if it suggests possibilities which are not realized, then it 
must be discarded, and we must form some other conception in 
regard to the structure of benzene. 

In the first place, then, does it account for the addition 
products, benzene hexabromide, hexa-hydro-benzene, etc. ? The 
formula represents each carbon atom as trivalent, and we would 
expect, therefore, that each one could take up an additional 
univalent atom, forming, in l^e case of bromine, a compound 
of the formula gg^. . 

BrHC^ ^CHBr 

I i 

BrHCv /CHBr 

HBr 

in which each carbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up more 
bromine. Hence, the last product of the addition of bromine 
to benzene should be benzene hexabromide ; and, in the same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and the hypothesis are 
in harmony. 

Again, we may inquire : Of how many isomeric bi-substitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence ? Numbering the hydrogens in the formula, we have : — 

(1)H 
(6)HC^ ^CH(2) 



(5)HC\ /CH(3) 

H(4) 
The hydrogens (1) and (2), (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the same relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (4), or any other of 
the above-named pairs, the product ought to be the same. We 
would get a compound of which the following is the general 
expression, in which X represents any substituting atom or 
group : — X 

I I 

HCv yCU 

H 

Formula I. 

In the second place, the hydrogens (1) and (3), (2) and 
(4), (3) and (5), (4) and (6), (5) and (1), and (6) and (2) 
bear to each other the same relation, but a different relation 
from that which the above pairs do. Replacing any such pair, 
we would have a second compound, which is represented by 
the general formula 

X 



HCv /CX 
H 

Formula II. 

Finally, there is a third kind of relation, which is that between 
hydrogens (1) and (4), (2) and (5), and (3) and (6) ; and, by 
replacing such a pair, we should get a compound represented 
by the general formula ^ 

I I 

HC\ /CH 

X 

Formula III. 
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The hypothesis suggests no other possibilities. We see thus 
that the hypothesis indicates the existence of three, and only 
three, classes of bi-substitution products of benzepe. There 
ought to be three, and only three, bi-chlor-benzenes ; three, 
and only three, bi-brom-benzenes, etc. 

The di-substitution products have been studied very exhaust- 
ively for the purpose of determining definitely' whether the 
conclusion above reached is in accordance with the facts ; and 
it may be said at once, that every fact thus far discovered is in 
harmony with the hypothesis. Thre^^gU^njaj 
isomer^^^ 

and many representatives of the three classes have 
been studied carefully. There are many other facts of less 
importance known which furnish arguments in favor of the ben- 
zene hypothesis expressed in the formula above discussed, but 
this is not the place to consider them. Let it suffice, for the 
present, to recognize that the hypothesis is in accordance with 
the most important facts known to us. 

There is one point which has not been touched upon, and 
that is the relation of the carbon • atoms to each other. In 
regard to this, as well as to the relation between the carbon 
atoms in ethylene and . acetylene, we know nothing. The 
formula is commonly written thus : — 



HC 



CH 



H 



HC ,x / CH 
^C 
H 

which indicates that the carbon atoms are joined together 
alternately by simple and by double bonds. This formula, 
however, expresses something about which we know nothing, 
and concerning which it is difficult, at present, to form any 
conception. The simple formula 
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The fundamental substance of 
irhicli bears to the group the ss 
bears to the group of paraffin dei 
with some of its homolt^es, is a 
bituminous coal, and is, therefor 
coal tar is the raw material from v 
a re obtained , it wUl be well briefl 
of its formation and the method of 
from it. 



Coal tar is a thick, black, tarr 
the manufacture of illuminating 
The coal is heated in retorts, a 
through a series of tubes called 
cool, and in them the liquid and vc 
densed, forming together the coal 
plex mixture, from which a great 
obtained. Among those most rea< 
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When the tar is heated, of cou 
pass over first. These are collected 
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what is called the light oil. Aft* 
other Bubstanoea of greater specil 
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means of the reactdon made use of for the purpose of converting 
benzene into toluene : — 

C6H4<$^' + CHsI + 2Na = C^4<^^' +NaBr + Nal. 
Br v>'Jtl3 

This shows that they are all methyl-toluenes. There are # 
three mono-brom-toluenes, known as ortho-, meta-, and para- 
brom-toluene. For the preparation of ortho-xylene, ortho- 
brom-toluene is used; meta-brom-toluene yields meta-xylene, 
and para-brom-toluene yields para-xylene. 

Ortho- and meta-xylene have also been obtained from certain 
acids, which bear to them the same relation that benzoic acid 
bears to benzene : — 

rCHa 
CfiHg-j CHs = C6H4 (0113)2 + COj. 
ICO2H 

The reaction by which meta-xylene is formed from mesUylenic 
acid is of special importance, as will be pointed out. 

By oxidation, the xj'lenes undergo changes like that which is 
illustrated in the formation of benzoic acid from toluene, and 
which consists in the transformation of methyl into carboxyl. 

The first change gives acids of the formula CgH^ < _ _ '^_-., one 

CO3H. 

corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into bibasic acids of the 

CO H 

formula ^6^4<co^H' Thus, we have the three reactions, all 
of the same kind: — 

(1) C,Hj.CH3 + 30 = C,H5.C02H + HjO ; 

(2) C,H4 < ^g» +30 = CeH4 < ^^^ + H,0 ; 

and (3) C<^, < ^^» + 3 O = CeH, < ^^ + H,0. 
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CH 

The three monobasic acids of the formula ^6H4<qq'jt are 

known as ortho-toluic, meta-toluic^ and para-toluic acids re- 
spectively ; and the three bibasic acids obtained from them 
are known as ortho-phthalic, meta'phtTuxlic^ and para-phthalic 
acids. Starting thus from the three brom- toluenes, we get, 
(Irst, three xylenes, then three toluic acids, and finally three 
phthalic acids. In each case, we distinguish between the 
three isomeric compounds by the prefixes ortho, meta, and 
para. In a similar wa}*, all di-substitution products of ben- 
zene are designated. We therefore have three series into 
which all di-substitution products of benzene can be arranged ; 
and these are known as the Ortho-series, the Meta-series, and 
the Parasei'ies. In arranging them in this waj^, we may 
select any prominent di-substitution product, and call it an 
oHho compound; and then call one of its isomerides a meta 
compound, and the other a para compound. Having thus a 
representative of each of the three classes, the remainder of 
the problem consists in determining for each di-substitution 
product, by means of appropriate reactions, into which one 
of the three representatives it can be transformed. If from 
a given compound we get the representative of the ortho 
series, we conclude that the compound belongs to the ortho 
series ; if we get the representative of the meta series, we 
conclude that the compound is a meta compound ; and if we 
get the representative of the para series, we conclude that 
the compound is a para compound. As representatives, we 
may select either the three xylenes or the three phthalic 
acids. Now, to repeat, an}' di-substitution product of ben- 
zene which can be converted into ortho-xylene or into ortho- 
phthalic acid is regarded as an ortho comppund, etc. 

This classification of the di-substitution products of benzene 
into the ortho, meta, and para series, by means of chemical 
transformations, is entirely independent of any hypothesis re- 
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garding the nature of benzene. We may now ask, however, 
which one of the three general expressions given above (see 
formulas I., II., and III., p. 238) represents the relation of the 
groups in the ortho compounds, which one the relation in the 
mota compounds, and which one the relation in the para com- 
pounds. If we can answer these questions for any three 
isomeric di-substitution products, the answer for the rest will 
follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes. We have three xylenes and 
three formulas : how can we deteimine which particular form- 
ula to assign to each xylene? 

As may be imagined, this determination is by no means a 
simple matter ; and it has been the occasion of a great manj- 
investigations. Theoretically, the simplest method available 
consists in carefully studying the substitution-products of each 
xylene, to discover how many varieties of mono-substitution 
products can be obtained from each. The formulas are : — 

OHs C^Hs ^Hs 

• • • 

U)KC^ "^C.CHg (4)HC'^ ^CH(l) (4)HC'^ '^CH(l) 

II II II 

(3)HC\ /CH(1) (3)HC\ /CCHj (3)HC\ /CH(2) 
^C C C 

H H 

(2) (2) 

Formula I. Formula II. Formula m. 



CH, 



Each of the four unreplaced benzene hydrogens of tlie xylene 
of formula III. bears the same relation to the molecule. It 
therefore should make no difference which one is replaced, the 
product ought to be the same. This should not be true of 
the xylenes represented by formulas I. and II. That xylene, 
whose structure is represented by formula III. , ought therefore 
to yield but one kind of mono-substitution product. On study- 
ing the xylenes, we find the one which boils at 136° to 137°, 
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called para-xylene, yields but one kind of mono-substitution 
products ; that is, we can get from it only one mono-brom- 
xylene ; only one mono-nitro-xylene, etc. We therefore con- 
clude that para-xylene is represented by formula III. above ; 
and, further, that formula III., on p. 238, is the general ex- 
pression for all para compounds. 

Examining formula I., on the preceding page, in the same 
way, we see that H(l) and H(4) bear the same relation to the 
molecule ; and that H(3) and H(2) also bear the same relation 
to the molecule, though different from that of H(l) and H(4), 
Two chlor-xylenes of the formulas 

CH3 CHs 

I I and I I 

HCv /CCl HCv /CH 

H CI 

ought to be obtainable from the xylene of formula I. 

In the same way three mono-substitution products might be 
obtainable from the xylene of formula II. The method, the. 
principle of which is thus indicated briefly, while theoretically 
simple enough, is very diflScult in its application, except in the 
case of the para compounds. Other methods have therefor e 
been use d, and the se will bp pnni^jrlprprl underjnesijjlgne^a^ 
naghthalgjie. It may be said, in anticipation, that the result 
of all observations point to formula I. for ortho-xylene ; to 
formula II. for meta-xylene, and to formula III. for para- 
xylene. 



K 



Ethyl-benzene, C8Hio(=CfiH5.0.2H5). — This hydrocarbon is 
isomeric with the xvlenes, but differs from them in that it con- , 
tains an ethyl group in the place of one hydrogen of benzene,^ ^ 



^«^ 



/^*. 



*t. 



<..• 



t-A 
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instead of two methyl groups in the place of two hydrogens of 
benzene. 

It is made by treating a mixture of brom-benzene and ethyl 
bromide with sodium : — 

CeHfiBr + CaHgBr + 2 Na = CgHs.CsHg + 2 NaBr. 

Its conduct towards oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as toluene does. In this 
case, as in that of toluene, the paraffin radical is converted into 
carboxyl. It has been found that no matter what this radica l 
may be , i t_i^. under the same circumstances, converter } j p^ ft par - 
boxyl . Thus, the conversions indicated below take place : — 

CfiHg.CHa gives C,U,.CO^. 

CgH^.C^Hs " C0H5.CO2H. 

CdHa . CgHj ' ' ^6^5 • COjH . 

CtfHs . CfiHu ' ' CgHs . CO2H . 

CeH, <^^ - CeH, < ^^^JJ, etc., etc. 

Mesitylene, 09Hi2[=06Hs(OH3)3]. — Mesitylene is contained 
in small quantity in light oil, and may be obtained in pure con- 
\y dition from this source. It is most readily prepared by treating 
acetone with sulphuric acid : — 



3 CsHfiO = C9H12 + 3 H2O. 

It is a liquid resembling the lower members of the series in its 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents shows that it is a tri- 
methyl-benzene. When boiled with dilute nitric acid, it yields 
mesitylenic acid^ C9H10O2, and uvitic add, C9H8O4; and, by 
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further oxidation with chromic acid, tnmesitic acid^ CgHeOg, is 
formed. By distillation with lime, mesitylenic acid yields meta- 
xylene and carbon dioxide ; uvitic acid yields toluene and car- 
bon dioxide ; and trimesitic add yields benzene and carbon 
dioxide. The formation and decomposition of the acids may 
be represented by the equations following : — 



CeHs (0113)3 

Meaitylene. 



(-CH3 

(cOjH 

Mesitylenic acid. 

rCH3 rCH3 

C6H3 j CH3 + 30 = CeHg] CO2H + H2O; 
^ CO2H ( CO2H 

Mesitylenic acid. Uvitic acid. 

( CHs r CO2H 

CeHs^ CO2H +30 = CeHg^ COgH + H^O ; 



(^C02H 

Uvitic acid. 

rCHs 
CgHjj CHj 
(cOjH 

Mesitylenic acid. 

(CH3 

CeH, ] COjH 
(cOjH 

ITvltlo acid. 

rCO^H 
(.CO2H 

TrimeBitlc acid. 



(CO2H 

Trimesitic acid. 



fCH3 



= CeH,j-^« + CO,, 

Meta-zylene. 



= C6H5.CH8 + 2 CO,; 

Toluene. 



= C^H^ + 3 CO2. 

Benzene. 



These transformations show clearly that mesitylene is tri- 
methyl-benzene, but they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation is based 
upon the fact that mesitylene is formed from acetone. It 
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appears probable that each of the three molecules of acetone 
taking part in the reaction, 

3 CgHeO = C»Hu + 3 HjO, 

undergoes the same change. As the product contains three 
methyl groups, the simplest assumption that can be made is 
that each acetone molecule gives up water as represented 
thus : — 

CHj-CO-CHs = CH3-C-CH -f H2O. 

Acetone. 

We thus have three residues, CHg— C— CH, and these unite 
to form trimethyl benzene. The only way in which the union 
can be represented, assuming that all three act in the same 
way, is this : — 

.^•^ CHs 

9^' HgCCv /C.CHs 

H 

According to this reasoning, mesitylene is a symmetrical com- 
pound, — that is to say, each of the three methyl groups bears 
the same relation to the molecule ; and the same is true of each 
of the three benzene-hydrogen atoms. 

This view has been tested by replacing the three h3'drogen 
atoms successively by bromine ; and it has been found that 
the view is confirmed, as but one mono-bromine substitution- 
product of mesitylene has ever been obtained. Accepting the 
formula above given for mesitylene, an important conclusion 
follows regarding the nature of meta-xylene. For we have 
seen that, by oxidizing mesitylene, we get, as the first product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
has been converted into carboxyl. As all the methyl groups 
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bear the same relation to the molecule, it makes no difference 
which one is oxidized. The acid has the formula 



CH3 

I I 

H 



Now, by distilling this acid with lime, carbon dioxide is given 
off, and meta-.x3'lene is produced. 

As the change consists in removing the carboxyl, and replac- 
ing it by hydrogen, it follows that meta-xylene must be repre- 
sented by the formula ^ 

CHs 

I I 

H 

and consequently that, in all meta compounds, the two substi- 
tuting atoms or groups bear to each other the relation which the 
two methyl groups bear to each other in this formula for mcta- 
xylene. 

Pseudocuxnene, C9Hi2[=06H3(OH3)3]. — This hydrocarbon,, '^^ ,^' 
which is isomeric with mesitylene, occurs in coal-tar oil, from'^'"^^ ^ 
wb'ch it can be made in pure condition. Its properties are. /&-> 
similar to those of the lower members of the series. It boils "*» -. 
at 169.8*. 

Pseudocnmene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from brom-meta-xylene and 
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methyl iodide. How this is possible, will be understood by an 
examination of the formulas below : — 

■ • 

II J I 

HC. /CBr HCv ,C.Ca 

CH ^^ 

Bn>m.pam.xylene. Brom-meta-xylene. 

Replacing the bromine by methyl, in either of the compounds 
represented, the product would have the formula . 

CHs 

I I 

CHs 

which is that of pseudocumene. 

Cymene, \CM (cM <^^ \ 

Para-methyl-propyl-benzene, i * "V * C3H7/ 
This hydrocarbon is of special importance and interest, on 
account of its close connection with two well-known groups 
of natural substances, — the groups of which camphor and oil 
of turpentine are the best-known representatives. It occurs in 
the oil of caraway and the oil of thyme. The terpenes, which 
are hydrocarbons of the formula C10H26, and of which oil of 
turpentine is the best known, easily give up two hydrogen 
atoms and 3'ield cymene. Probably the simplest way to pre- 
pare cymene is to treat camphor with phosphorus pentasul- 
phide, zinc chloride, or phosphorus pentoxide. 
It is a liquid of a pleasant odor. It boils at 175^. 



It has been made synthetically from para-brom-to' 
propyl bromide : — 

C,H4<^» +C^Br + 2Na 
Br 

= C,H.<^^ + 2NaBr, 

which clearly shows its relation 'to benzene. As 
prodnct of ite oxidation, it yields para-phthalic (tert 
acid: — 

^ CO,H . 

see p. 246. 



CHAPTER XV. 

DERIVATIVES OF THE HYDROCARBONS, GnH2u-6, 

OP THE BENZENE SERIES. 

Recalling what we learned under the head of Derivatives of 
the Paraffins, we naturally look for representatives of all the 
classes of compounds there met with. The derivatives of the 
paraffins were classified into : — 

1. Halogen derivatives. 

2. Oxygen derivatives, including the Alcohols, Aldeh^'des, 

Acids, etc. 

3. Sulphur derivatives, including the Mercaptans, Sulphonic 

Acids, etc. 

4. Nitrogen derivatives, including Cyanides, Amines, Nitro com- 

pounds, etc. 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of consideration 
will be somewhat more convenient in this connection, owing to 
many points of analogy which exist between the halogen sub- 
stitution-products, the nitro compounds, and -the sulphonio 
acids. Al l of these three classes of derivatives of the be nzene 
ir^cTrocarbons are ma de by direct t re atm ent of the hydrocarbons 
with the substituting agents , and in some respects resemble 
each other, so that they will be considered in connection. As 
the amido derivatives of this series are made almost exclusively 
from the nitro compounds by reduction, the}- will be considered 
in connection with the nitro compounds ; and, further, by treat- 
ment of the amido compounds with niti'ous acid, a new class 
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of nitrogen derivatives, known as diazo compounds^ not met 
with in connection with the paraflSns, is formed. These will 
be considered after the amido compounds. 

After these classes havSoeen considered, we shall take up in 
turn the oxygen derivative^ which include the phenols or simple 
hydroxyl derivatives of tie hydrocarbons, the alcohols, alde- 
hydes, acids, and ketone! ; and, finally, the hydroxy-acidsj 
which are strictly analogou{i to the hydroxy-acids of the paraffin 
series. 

We have thus the following classes : — 

1. Halogen derivatives, b.iSulphonic acids. 9. Acids. 

2. 2^itro compounds^ 6.IP7ienols. 10. Ketones (and 

3. Amido compounds. 7. Alcohols. Quinones) . 



4. Diazo compounds. S, 



Aldehydes. 



11. Hydroxy 'O^ids. 



The relations of most < f these classes to the hydrocarbons 
are the same as those of ;he corresponding derivatives of the 
paraffin series to the pa affins ; and the general methods of 
preparation, as well as tl e reactions, are the same. Hence, 
most of the knowledge ac quired in the first part of the book 
may be applied to the seri ss now under consideration. 

An enormous number o derivatives of the benzene hydrocar- 
bons have been prepared i nd studied ; but we need study only 
very few in order to acqui e a general knowledge of them. In 
the following a few of th j more important representatives of 
each class will be studied, mainly with the object of illustrating 
general facts and general elations. 



Halogen Derivatives op Benzene. 

Verj' little need be said in regard to these derivatives. By 
direct action of bromine or chlorine upon benzene the hydrogen 
atoms are replaced one ^ p^^ Rnnthpr.^ until, as the final products, 
hexa-chlor-benzene, CcCle, and hexa-brom-benzene^ CeBrg, are ob- 
tained. It has already been stated that, when the action takes 
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place in direct sunlight, addition-products, C^jHeCle and C«EIe6re, 
are formed. Benzene hexachloride, CeIl6Cl«) is formed also 
when chlorine is conducted into boiling benzene. The addition- 
products are readily decomposed, yielding tri-substitution prod- 
ucts of benzene and halogen acid : — 

CeHeBra = CeHgBrg + 3 HBr. 

The substitution-products are very stable. They are, as a 
rule, formed more easily than the halogen derivatives of the 
paraffins, and, as a rule, they do not give up the halogens as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hydroxyl, the amido group, 
etc. , these replacements cannot easily be effected in the benzene 
derivatives. The halogens can be removed by sodium, as 
shown in the synthesis of hydrocarbons : — 

CeH^Br + CHgl -f- 2 Na 
= CeHfi.CHs 4- NaBr + NaT, etc., etc. 

They may also be removed by nascent hj'drogen, the hydro- 
carbons being regenerated : — 

CeH4Cla + 4 H = CgHe + 2 HCl. 

This kind of reverse substitution is not, however, effected 
easily. 

Perhaps the best known of the di-substitution products of the 
class under consideration is 

Djbromjbj^zeng, OeHiBra, which is one of the products of 
the direct treatment of benzene with bromine. This being a 
di-substitution product of benzene, it follows, from what has 
been said in regard to isomerism in this group, that three 
isomeric varieties of the substance ought to be obtainable ; and 
the interesting question suggests itself: which one of the 
three possible dibrom-benzenes is formed by direct treatment of 
benzene with bromine ? Tiie answer to the question is equally 
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interesting. The main product of the action is p ara-dibrom - 
benzene, while there is always formed in much smaller quantity 
some of the o rtho prodg gt. The reason why these products 
are obtained, and not the meta compound, is unknown ; nor 
has any plausible hypothesis been suggested to account for the 
fact. 

In studying the subsfilution-products of benzene, one of the 
first problems which pr^ent themselves is the determination 
of ihe FelatioDB which tie substituting atoms or groups bear 

^termination is made, as has been 
the compounds into others, the rela- 



to each other. The d 
stated, by transforming 



benzene is treated undei 
two dibrom-benzenes ar 



tions of whose groups aije known. Thus, to illustrate, when 

the proper conditions with bromine, 
formed. Without investigation, we, 
of course, cannot tell to jfrhich series these compounds belong. 
But, by treating that prdduct which is fonned in larger quantity 
with methyl iodide and todium, we get para-xylene. In other 
words, by replacing tUe two bromine atoms of the dibrom- 
benzene by methyl groiips, we get a compound which we know 
belongs to the para series ; and, therefore, we have determined 
that the bromine product is a para compound. In the follow- 
ing the chief reactions made use of for effecting the trans- 
formations of the deriratives will be discussed* 



Halogen Derivatives of Toluene. 

As toluene is made up of a residue of marsh gas, methyl, CHg, 
and a residue of benzene, phenyl, CgHg, it might naturally be 
expected that it would yield tw^^|| ^ of substitution-prod- 
ucts : viz., (1) Those in which the substituting atom or groups^ 
replaces one or more hydrogen atoms of the phenyl group; rj ^.x. 
and (2) those in which the substitution takes place in the^ ^ "7 
methyl. Representatives of both these classes are well known. *^^ "<[ 
In general, when boiling toluene is treated with chlorine or 
bromine,' products of the second class are obtained ; while, 
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when treated in the cold, products of the first class are oh- 
tained. Thus, we have the two parallel series of chlorine 
derivatives : — 

I. n. 

OgH4C/l . OH3. ^6^5 • ^^j^i» 

CeH.3d2*dx3. L'sMf «L'IiL/l2« 

00x12^13 '^-^Hs- ^6"-5 • ^ v^la* 

When a member of the first class is oxidized, the methyl is 
changed, and the rest of the compound remains unchanged, 
as in the case of toluene. Thus, the first substance of class I. 
yields the product C6H4CI.CO2H; the second, CeHgCla-COgH, 
etc. These products are substituted benzoic acids. On the 
other hand, all the members of the second class yield the same 
product that toluene does; viz., benzoic acid. Hence, by 
treatment with oxidizing agents, it is easy to distinguish between 
the members of the two classes. Further, the halogen atoms 
contained in the methyl are not as firmly held in combination 
as those in the phenyl. When, for example, the compound 
CeHfi.CHQg, which is called benzol chloride, is^ ^Jreated wj th 
water , both chlorine atoms are replaced by oxygen, the product 
being the aldehj^de CeHg.CHO, which, as we shall see, is the 
familiar substance, oil of bitter almonds. When, however, the 
isomeric di-chlor-toluene CJEifi\2 .CH^ is heated with water, no 
change takes place. 

Regarding those simple substitution-products of toluene which 
contain one halogen atom in the phenyl, such as mono-brom- 
toluene, CeH^Br.CHg, we see that they are di-substitution prod- 
ucts of benzene, and hence capable of existing in three isomeric 
varieties, ortho, meta, and para. The products formed by 
direct treatment of toluene with chlorine or bromine are mixtures 
consisting mostly of the para compound, together with a much 
smaller quantity of the ortho compound. 

The determination of the series to which one of these products 
belongs may be made by replacing the halogen by metliyl, and 
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thus getting the corresponding xylene. The main product of 
the action of bromine on tohiene is thus converted into para- 
xylene, and is therefore para-brom-toluene| 

Halogen Derivatives of the Higher Members op 

THE Benzene Series* 

Concerning the halogen derivatives of xylene, it need only be 
said that the only one of the three xylenes from which pure 
products can easily be obtained is para-xylene* When this is 
treated with bromine it yields but one mono-brom-xylene. The 
significance of this fact has been discussed above. The mono- 
substitution products obtained from the other xylenes are 
mixtures which it is very difficult, and in some cases impos- 
sible, to separate into their constituents* Mesitylene and 
pseudocumene, though both are tri-methyl-benzenes, conduct 
themselves quite differently towards bromine, — the former yield- 
ing only one mono- bromine product; the latter, a mixture of 
several. 

NiTRO Compounds of Benzene and Toluene. 

In speaking of nitro compounds in connection with the paraf->TiJ^[^/ 
fin derivatives (see p. 100), it was stated that thev are obtained^ ' ^ 








much more readily from the benzene hydrocarbons than from •?•. >^^^ 
the paraflSns. But few nitro derivatives of the paraflSns are ^ ^fcy ^ii, 
known. As will be remembered, they cannot be prepared by y^^-, 'V 
treating the paraflSns with nitric acid, but must be made by ^y 
circuitous reactions, the principal one being the treatment of 
the halogen derivatives with silver nitrite : — 

CaHfiBr + AgNOg = CgHsCNOg) + AgBr. 

Nitro-ethane. 

The preparation of a nitro derivative of a hydrocarbon of 
the benzene series is a simple matter. It is only necessary to 
bring the hydrocarbon in contact with strong nitric acid , when 
reaction takes place, and one or more hydrogen atoms of the 
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hydrocarbon arc replaced by the nitro group NO2, as illustrated 
in the equations, — 

C^ . + HNO3 = C»H, . NO, + H,0 ; 

CP, . NO, + HNOj = C«H.(NO,), + H,0 ; 

C^, .CH, + HNO, = C«H4 < JJ2' + H»0 i 

CeH, < ^2» + HNO3 = CeHs < g^^^^^ + H^O. • 

The nitro nnmpounds thus obtained are not acids j mor-ace 

they ethe real salts of nitrous ac id^ p thpj fftrmr^"" t^jq^j^ ^p^^^ 

us to su ppose , ^rhe most rational view held in regard to them 

• is, that they are formed from nitric acid by the replacement of 

hydroxyl by benzene radicals, as indicated thus : — 

CeH^IH + HOJ.NOa = CeH^.NOg + H^O. 

1^ i^/^nr>n.Tiitrft-hAp^fiTift CeHs . NO3. — This substance is made 
^ /^ Toy treating benzene with concentrated nitric acid, or with a 






mixture of ordinary concentrated nitric and sulphuric acids. 
In the latter case, the sulphuric acid facilitates ^^t]^ reart*^*^ 
probably bV preventing the dilution ^of the nitri^ ap^^ by t he 
water necessarily formed^ 

I Experiment 58. Make a mixture of 150<« ordinary coneentrated 
sulphuric acid, and 76<» ordinary concentrated nitric acid. Let It cool 
to the ordinary temperature. Put the vessel containing it in water, 
and add about 15<:<: to 20cc benzene, a few drops at a time, waiting each 
time until the reaction is complete. Shake well until the benzene is 
dissolved; then pour slowly into about a litre of cold water. A yellow 
oil will sink to the bottom. This is nitro-benzene. Ponr off the acid 
and water ; wash two or three times with water ; separate the water 
by means of a pipette, and dry by adding a little granulated calcium 
chloride. After standing for some time, pour off from the calcium 
chloride, and distil from a proper sized distiUlng-bulb, noting the 
boiling temperature. 



H 



Nitro-benzene is a liquid which boils at 205^, and has the 



(^Aa^<^ 



Jicf i-tUty^ ^^^^ 
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specific gravity 1.2. Its odor is like that oi the oil of bitter 
almonds, and it is hence used in many cases instead of the 
latter. It is known as the e^j^^Mfj^^MnL It is manufac- 
tured on the large scale, and used principally in the preparation 
of aniline. 



le, 06H4(N O2)2» — This is a product of 
further action lof nitric acid on benzene, or on nitro-benzene 



the'^Aj^ 




Experiment 50. Make a mixture of 60<« concentrated sulphuric 
acid, and 60<* . ''uming nitric acid. Without cooling add very slowly 
about 10<« ben sene from a pipette with a fine opening. After the 
action is over, )oil the mixture for a short time ; then pour into about 
half a litre of water. Filter off the solid substance thus precipitated, ^. 
press it between layers of filter-paper, and crystallize from alcohol. f/T^-' * 

Dinitro-benaene crystallizes in long, fine needles, or thin, 
rhombic platesi Melting-point, 89. 9**. 

By means of \ two reactions, which will be considered under 
the head of Diaeo Compounds, it is a simple matter to replace 
the two nitro gJoiips by bromine, thus converting dinitro-ben- 
zene into bibroni-benzene. When the latter is converted into 
xylene, the product is meta-xylene. H ence, ordinargL-dinitio - 



^N^jo^^uenea, C6H4(N02).CH3. — When toluene is treated 
with stron^mtnc acid, substitution always takes place in the 
phenyl. The chiefjamKyutijo-toluei 

while, at the same ume, a little of the isomeric ortho compound 
is obtained. 

Note for Student. — What mono-bromine products are formed 
by direct treatment of toluene with bromine ? Given a mono-nitro- 
toluene, how is it possible to determine whether it belongs to the 
ortho, the meta, or the para series? 

By treatment with nascent hydrogen, the nitro- toluenes are 
converted into the corresponding amido compounds, called 
Toluidines (which see) . 



>>• 
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(•* \ '^A? X Amido Compounds of Benzene, etc. 

MY'/ 
* '_^' yThe umido derivatives of the paraffins are made, for the most 

part, by treating the- halogen derivatives with ammonia : — 

CyijBr + Nils = CjH^.NHa + HBr. 

In speaking of these derivatives, however, attention was called 
to the fact that they may also be made by treating nitro com- 
pounds with nascent hydrogen. The latter method is one of 
great importance in the benzene series. It is used exclusively 
in the preparation of the amido derivatives of the benzene 
hvdrocarbons. Several of these derivatives are well known, 
the simplest and best known being amido-benzene or anUine. 

A^iilinfl. OeHyNf^ CeHs .NH2). — Aniline was first obtained 
from indigo by distillation. Anil is the Portuguese and French 
name of the indigo plant, and it is from this that the name 
aniline is derived. Aniline is found in coal tar and in bone oil, 
a product of the distillation of bones. It is prepared by re- 
duction of nitro-benzene with nascent hydrogen. On the large 
scale the hydrogen is obtained from hydrochloric acid and iron. 
For laboratory purposes tin and hydrochloric acid are perhaps 
best. Other reducing agents, such as an ammoniacal solution 
of ammonium sulphide, hydriodic acid, etc., also effect the 
change, which is represented by the following equation : — 

C6H5.NO2 + 6H = CeHs.NHa + 2H2O. 

Experiment 60. Dissolve tTiE nitro-benzene obtaiped in Exp. 58 
in alcoholic ammonia, and saturate the solivtion with hydrogen sul- 
phide, keeping it slightly warm, kn the water-bath distil off the excess 
of ammonium sulphide and some \f the alcohol. To the residue add 
dilute hydrochloric acid. This kill dissolve the aniline, but leave 
any unchanged nitro-benzene undiiolved. Separate the latter. Evapo- 
rate to dryness ; mix with a littl^ lime, and distil from a dry vessel. 
Aniline will pass over. 

Aniline is a colorless liquid which rapidly becomes colored in 
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the air. It boils at 184.5°. It solidifies at a low temperature ; 

is easily soluble in alcohol, but slightly soluble in water. 1!he O^ 

sol ution in water hs\A onl y a very slight alka-Hnp. rft fl.r>tion- ^e 

Experiment 61. To an aqueous solution of a little of the aniline 
obtained in Exp. GO, in a test-tube, add a filtered solution of bleach- 
ing powder (calcium hypochlorite). A beautiful purple color is pro- 
duced. 

To a solution of aniline in concentrated sulphuric acid add a few 
drops of an aqueous solution of potassium bichromate. A blue color 
is produced. 

Aniline bears to benzene the same relation that ethyl-am ine 
'^r fliTTli^^f^^^"^^^^i^firn tm nthun^ It is a substituted ammonia, 
and, like other bodies of the same class, itunitesdirectivwjjh 
flrillfjir^jfirniing ^^^^^ Thus, with hydrochloric, nitric, and 
sulphuric acids the action takes place as represented below : — 

CeH^ . NHg H- HCl = (CeH^ . NHa) CI ; 
CeH^.NHa + HNOa = (CeH^ . NH3) NOs ; 
CeHs . NHg -f H2SO4 = CfiHs . NH3HSO4. 

The formation of aniline hydrochloride was illustrated in 
Exp. 60, as was also the decomposition of an aniline salt by 
a caustic alkali : — 

2 (CeHs . NH3)C1 -}- Ca(0H)2 = 2 CeHg . NH2 -f 2 H^O + CaCl^. 

Among the most interesting changes which can be effected, in 
aniline is that which takes place when it is treated with nitrous 
acid (see Diazo Compounds, below). 

Note for Student. — What change is usually effected in amido 
compounds by treating them with nitrous acid? 

Toluidines, amido-toluenes, CeH* < z^^^- — The tolui- 

dines, of which there are thi*ee coiTespouding to the three nitro- 
toluenes, are made from the latter in the same way that aniliae 
is made from nitro-benzene. As para-nitrO'tolvsne is the best 



*i 
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known o^ the three nitro-toluenes, bo parortoluicUne is the best 
known of the three toluidines. 

The properties of the toluidines are much like those of aniline. 

Treated with various oxidizing agents, a mixture of aniline 
and the toluidines is converted into a compound known as 
r^jsanUine. This is the mother substance of the large group of 
compounds known as the aniline dyes, Rosaniline and its de- 
rivatives, the aniline dyes, will be considered under Tri-phenyl- 
methane (which see) . 

Bv nitrous acid the toluidines are transformed in the same 
way that aniline is (see Diazo Compounds). 

The xylidines bear to the three xylenes the same relation 
that aniline bears to benzene. It is not a simple matter to get 
any one of them in pure condition. 

DiAzo Compounds op Benzene, etc. 

The usual action of nitrous acid on amido compounds is 
represented by the equation, — 

R.NHa -f- HNOa = R.OH + HgO + Nj. 

When an amido derivative of a hydrocarbon of the benzene 
series is treated with nitrous acid, and certain precautions are 
taken, a product is obtained which contains two nitrogen 
atoms, and which is, therefore, called a diazo compound. 
Thus, in the case of aniline sulphate, the action is represented 
by the equation, — 

CeHfiNHj . H2SO4 + HNO2 = C6H5N2.HSO4 + 2H2O. 

Aniline sulphate. Diazo-beuzene sulphate. 

So, also, with the nitrate we have, — 



CflHsNHa.HNOg + HNO^ = CeH^Na-NOg + 2 H^O. 

Aniline nitrate. Diazo-benzene nitrate. 



% 



From these salts the diazo-benzene itself can bep set free by 
means of acetic acid. It has been f6und to have the formula 



^^i^>^v>vWxAA/U^ 
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CaH,N5(0H). This compound is, however, very unstable, and 
is at once decomposed. 

Experiment 62. Arrange an ipparatns as shown In Fig. II. In 
flask A put some coarselj-povrde e<l arsenic trioxide (about 5CK), and 
through the ftiniiel-tulte pour 40™ t t 50™ ordinary uitrlc acid of specific 
jrravity 1.35. B is an empty uylini er surrounded by water. Cand D 
ai'e small Ha-sks of about 60™ capacity, in each of which should bi' 
bronglit 108 aniline nitrate, and 12" ice-cold water. 



They arc kept in fc« imter. 
until the materlnl in the Aasll 
an equaf volume of nicohol pr4' 
ether. If the operation has I 
cipitate of crystals or diazo-t 
the aid of a suction -pump, 
properties of the compound. 
(d) Dissolve a little in 1 



ent of the oxides of nitrogen 
dissolves. Add to tlie solution about 
lusly cooled to 0', and then a little cold 
1 carried out properly, a copious pre- 
ate is formed. Filter off with 
id, mitkout delay, proceed to study tfaA 

' of the ordinary temperature, and allow 
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the solutiou to stand. Decomposition, indicated by change of color, 
will take place. 

(5) Boll a little with water in a te^t-tube, and notice the odor of 
phenol or carbolic acid. 

(c) Boil a few grams with alcohol in a test-tube, and notice the ease 
with which the decomposition takes place. The chief product is ethyl- 
phenyl ether or phenetol, CgHg . O . CjHj. 

(d) Boil some with hydrochloric acid. Chlor-benzene is formed, 
which sinks to the bottom when water is added. 

In all these experiments a gas is evolved which can be shown to be 
nitrogen. Collect some, and show that it does not support combustion 

(e) Place a very little of the compound, dried by pressing in filter- 
paper, on an anvil, and strike it sharply with a hammer. It explodes. 

The above experiments serve to indicate the instability of 
diazo-benzene nitrate. This same instability is characteristic 
of all diazo compounds, and it is the ease with which they 
undergo a variety of changes that makes them so valuable. 
The principal changes are : — 

1. That illustrated in Exp. 62 (6), which is brought about 
by boiling with water. The action is represented thus : — 

CeH-jNa . NOg + HgO = CeH^ . OH + N^ + HNOg. 

Phenol. . 

2. That illustrated in Exp. 62 (c), which is effected by boil- 
ins: with alcohol : — 

CeHjNj . NO3 + CjHj . OH = CeHj . O . CjH, + N, + HNOg. 

P hene tol. 

3. That effected by hydrochloric acid as illustrated in Exp. 
62 (d) : — 

C6H5N2 . NO3 -f HCl = CeH^Cl + N2 4- HNOa. 

Mono-chlor-benzene. 

Changes similar to the last are effected by hydrob^'omic and 
hydriodic acids, the chief products being brom-benzene and 
iodo-benzene respectively. 

From the above it follows that, if we have a compound con- 
taining a nitro group, we can, by making the diazo compound. 
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transform it (1) in to the corresponding hydroxyl dfir ^ Y fttivft - 
(2) i nto the cor responding n^^]^rina hrr.nr.;t.n^ r^y j^^^jp^ Hori^.o- 
Jtive; or, (3) we can m ake ethers containing t^^^pfa^gi^ ^f^ ^a as 
C2H5O, CH3O, etc. These reactions involving the use of the 
diazo compounds have been used very extensively in the inves- 
tigation of the substitution-products of the benzene series. 

Note for Student. — How can the relation of the groups In di- 
nitro-benzene be determined by using the diazo reactions? 

As regards the relation of diazo-benzene to benzene, it seems 
clear, from the reactions above considered, that in it the phenyl 
group CeHj is present, and that this is in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitrogen 
form the connecting link between the phenyl group and the 
other constituent, as expressed in the formulas 

C6H5-N2-NO3, 
CeH.-Na-OK, 
CgHfi-Na-Br, etc. 

The decompositions all indicate the correctness of this view. 
How the nitrogen atoms are united, we do not know, i&i 




SuLPHONio Acids of Bekzene, etc. 

The methods of preparation of the sulphonic acids, and the ^^% 
relations of these acids to the hydrocarbons, were considered ^)'«^"-^ 



C.I I 



pretty fully, in connection with the paraffins. Three general \ ir^ '.L 
methods for their preparation were given. These are : — 

1 . Oxidation of the mercaptans ; thus, ethyl-sulphonie acid 
is formed by oxidation of ethyl-mercaptan, — 'i 

C^Hfi.SH + 30 = C2H5.SO3H. 

2. Treatment of a halogen substitution-product with a sul- 
phite, — 

CjH^r + Na^Og = C2H5 . SOgNa 4- NaBr. 
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3. Treatment of a hydrocarbon with sulphuric acid. This 
method is not applicable to the paraffins, but is the one used 
almost exclusively in the case of the benzene hydrocarbons. 
Benzene-sulphonic acid is formed thus : — 

CaH« -t- H2SO4 = CeHfi.SOsH + H^O. 

Tolueoe-sulphonic acid is formed thus : — 

The reasons for regarding the sulphonic acids as «aJphuric 
acid in which hydroxyl is replaced bj' radicals, were given on 
p. 76 ; and the student is advised carefully to re-read what 
is there said. 

Benzene-sulphonio acid, C6H6S03(= ^^jSOaj. — This 

acid is made most readily by treating benzene with ordinary 
concentrated sulphuric acid. 

Dilns: 



Experiment 03, In a flask 



ig together about 60<« benzene and 



100«c concentrated sulphuric acid ( ordinary). Connect with an inverted 
condenser (see Fig. 8, p. 70), ai d boil for several hours, until the 
greater part of the benzene has )assed into solution. Pour the con- 
tents of the flask into a large ev iporating dish of at least 8^ to 10^ 
capacity, containing 4^ to 5^ watt r. Heat gently, and add gradually, 
stirring meanwhWe, finely-pmoderei chalk, until the solution has become 
neutral. Pass through a muslin Alter attached to a wooden frame, and 
wash thoroughly with hot watir. Afterwards refilter the filtrate 
through a paper filter. Evaporaie to quite a small volume (say 500^^ 
to 700*^), and filter from gypsum. j In solution there is now the calcium 
salt of the sulphonic acid. Add just enough of a solution of potassium 
carbonate to precipitate exactly xLe calcium ; filter off from the calcium 
carbonate, and evaporate to dryness, finally, on the water-bath. To 
prevent caking it is necessary to stir the thick, syrupy mass. When it 
is nearly dry, it is best to powder it, and complete the drying at 100** to 
120'* in an air-bath. The po.tasiium salt may be used for a number of 
experiments. I 
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Experiment M. In a dry evaporating dish mix thoroughly 20« of 
potassium beuzene-sulphonate with 258 of phosphorus penta-chloride, 
by means of a dry pestle. The mass becomes semi-liquid and hot, 
and hydrochloric acid is given off, in consequence of tlie action of the 
moisture of the air on the chlorides of phosphorus. Hence, the experi- 
ment should be performed under a hood or out of doors. The reaction 
which takes place is represented by the equation, — 

CeHg . SOaOK + PCI5 = CgHg . SO^Cl + POCl, + KCl. 

After the action is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold water. Everything will dissolve 
except the sji^jjbfiflifiUfiEUi&a ^6^5 • SO^Cl, which will remain as a heavy 
oil at the bottom of the vessel. Pour off the greater part of the water, 
and then add about bOQi^^ of strong ammonia. The chloride is thus 
converted into the corresponding sulphon-amide, thus : — 

CgHfi . SO^Cl + 2 NH3 = CgHg . SO2NH2 + NH^Cl. 

After cooling, filter off the sulphon-amide; wash well with cold water, 
and crystallize f ]*om water. The product crystallizes in needles, fusing 
at 163°. 

Note for Student. — Refer back to what was said regarding the 
acid chlorides and acid amides, paying particular attention to the 
general methods of preparation and their decompositions. 

Ebcperiment 65. Mix 208 potassium cyanide with an equal weight 
of dry potassium benzene-sulphonate, and distil from a small retort. 
The distillate is impure pheny^vankje, CgHg.CN : — 

W ^ gQ^ ^ KCN = CeHj .CN + K^SO,. 

Put the phenyl cyanide in a flask of 600«c to 700«' capacity, and add 
300** of a moderately strong solution of potassium hydroxide in water. 
Connect with an inverted condenser, and boil for two or three hours. 
What is given off? Test with the nose the gases at the upper end of 
the condenser-tube. After cooling, dilute with about an equal volume 
of water, and acidify with hydrochloric acid. A solid substance is 
precipitated. Filter off, wash, and crystallize from water. It is 
benzoicacid. The reaction with caustic potash is represented thus : — 

CgHg.CN + H2O + KOH = CgHj.COjjK + NH3. 
Benzene-sulphonic acid itself is a Very easily soluble sub- 



.^»^ 
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stance. It is a strong acid, and yields a series of salts and 
other derivatives. 

"When fused with potassium hydroxide, benzene-sulphonic 
acid is converted into phenol (Exp. 66, p. 270) : — 

CfiHs . SO3K + KOH = CfiHa . OH + KaSOg. 

By further treatment of benzene with fuming sulphuric acid 
a benzene-disulphonic acid is formed. This is capable of the 
same transformations as the mono-sulphonic acid. 

Note for Student. — By what reaction coul d benzene-disulphopic 

ftHd hft t.rflnsformftdintnthp rTTi j ^^tf | »il^^ i|| ni| iHt'ttf bouJc acl d,CftH^(COoH),? 



Suppose the prodjict obtained were meta-phthalic acid, what conclusion 
could be drawn with reference to the relation of the two sulpho groups, 
SO3H, in the disulphonic acid ? 



Phenols, or Hydroxi^/Herivatives of Benzene, etc. 

The hydroxyl derivativesjof the paraffins are called alcohols. 
As will be remembered thev are of three kinds, each of which 
is characterized by certain properties. We have : — 

1. Primary alcohols of /which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing Ihe same number of carbon atoms. 

2. Secondary alcoJiols^ 1? hich by oxidation yield acetones and 
then acids containing a sn aller number of carbon atoms. 

3. Tertiary alcohols, w lich by oxidation yield neither alde- 
hydes nor acetones, but }reak down at once, yielding acids 
with a smaller number of c arbon atoms. 

The primary alcohols were shown to correspond to the 
rR ( rR L 

I H I R 

formula •{ ; the secondary to C -j ; and the tertiary to 

I R . L 

C "{ ; or, in other words, the primary alcohols contain the 

'^ HO I 

group CH2.OH; the secobdary, the group CH.OH; and tho 

tertiary, the group C.OH. . ^ 
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Now, the simplest hydroxyl derivative of the members of 
the benzene series is phenol, CeHg.OH, or benzene in which one 
hydrogen is replaced by hydroxyl. Representing this com- 
pound in terms of the accepted benzene hypothesis, we have 

the formula 

OH 

I I 

HC\ /CH 

H 

According to this, phenol appears to be allied to the tertiary 
alcohols , as it contains the group C.OH, and not CH2OH nor 
CH.OH. We shall see that, in fact, phenol c onducts it self 
towards oxidising- aprpnta like the tftrfriary alcohols. 

AH compounds which contain hydroxyl in the place of the 
benzene-hydrogen atoms of benzene and its homologues are 
calle^ij^gllg^. As in the case of alcohols, there are phenols 
containing one hydroxyl, or mon-acid phenols ; those containing 
two hydroxj'ls, or di-acid phenols ; those containing three hy- 
droxyls, or tri-acid pJienols^ etc. Some of these are familiar 
substances. 



^v 



Phenol, carbolic acid, C6H60(= CgHgOH). — Phenol is 
found in nature in small quantities in the urine. It is formed 
by the distillation of w ood, coa l, and Jbones. Hence, it is a 
const^ituent of coal tar, and from this it is prepared. For this 
purpose the heavy oil (see p. 231) is treated with an alkali 



which dissolves the phenol. From the solution it is precipitated lO 
by hydrochloric acid. It is purified by distillation. ef., / 

Phenol may also be made by converting nitro-benzene into ^^^^ 
aniline ; then into diazo-benzene, and boiling this with water 
(see Exp. 62 (b)) ; and by melting benzene-sulphonic acid 
with potassium hydroxide. 



/ 

/ 

/ 
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Experiment 66. In a silver (or. iron) crncible, or evaporating 
dish, melt 40k to 50* potassium hydroxide, after adding a few cubic 
centimetres of water. Now add gradually 10« finely-powdered potas- 
sium benzene-sulphonate, obtained in Exp. 63, stirring constantly with 
a silver (or iron) spatula. Do not heat to a very high temperature. 
After the mass has been kept in a state of fusion for one-quarter to 
one-half an hour, let it cooL Dissolve in 200«=<' to 250^5^ water, and 
acidify with hydrochloric acid. Notice the odor of the gases given 
off. What gas do you detect? When the liquid has cooled down, 
extract with ether in a glass-stoppered cylinder. From the ether 
extract distil the ether on a water-bath. The residue is impure phenol, 
which may be detected by the following reactions, for which a solution 
in water should be prepared : — 

(a) A few drops of ferric chloride solution gives a beautiful violet 
color. 

(6) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of bleaching powder. A blue color is produced. 

(c) Bromine water gives a yellowish-white precipitate of tri-brom- 
phenol. 

The reaction which takes place in melting potassium hydrox- 
ide and potassium benzene-sulphonate together is represented 
by the equation, — 

CePs ' SO3K + KOH = CeH^ .OH + K^SOs. 

Vlt effects the replacement of the sulpho group, SOsH, by 

^' hydroxyl. 

' A Phenol, when pure, crystallizes in beautiful colorless rhombic 

*' xieedles. The presence of a little water prevents it from solidi- 

fying. It has a peculiar, penetrating odor ; boils at 180° ; is 

* difficultly soluble in water (1 part in 15 parts water at ordinary 

temperature) ; mixes with alcohol and ether in all proportions ; 

and is poisonous. 

Phenol forms compounds with several metals. Among these 
may be mentioned the following : — 

Potassium phenolate^ CgHs .OK, made by dissolving potassiam 
in phenol, and by treating phenol with caustic potash. 

Barium phenolate, (C6H50)2Ba -h 2 HgO, made by dissolving 
phenol in baryta water. 



N^ 
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Lead oxide phenol^ C«HeO.PbO, made by dissolving lead 
oxide in phenol. 

It also forms ethers, of which the methyl and diphenyl ethers 
may serve as examples : — ^^'^U^n^ t/4^ 

Methyl-phenyl ether, C7H8of= ^^>oY — This sub- 
stance, also called q^^g^Z, is obtained from anisic acid and from 
oil of winter-green by boiling with baryta water. It is made 
also by treating potassium phenolate, CsH^OK, with methyl 
iodide : — p 

CeH,OK + CHI = J:^*>0 + KI. 

It is a liquid of a pleasant odor. 

Note for Student. — Compare this substance with ordinary ether. 
What method analogous to that above mentioned may be used in the 
preparation of ordinary ether? 

Diphenyl ether, Oi2HioO(= ^^ > O V — This bears to 

phenol the same relation that ordinary ether bears to alcohol. 

With acids, phenol, like the alcohols, yields ethereal salts in 
which the phenyl group, CeHj, takes. the place of a metal. 
Among the compounds of this class which phenol forms with 
organic acids, the following may be mentioned : — 

Phenyl acetate, C8H8O2(=0H3.CO2.C6H5).— This is formed 
by treating phenol with acetyl chloride. 

Note for Student. — What use is acetyl chloride put to as a re- 
agent in organic chemistry? Explain its use. What conclusion may 
be drawn from the fact that acetyl chloride acts upon phenol, replacing 
one hydrogen by acetyl, C2H3O? 

i^aroduct^^^^^f^. Phenol is very snsceptibh 
to fHe action of various reagents, and a large number of substi- 
tution-products have been made from it. 

The ease with which bromine acts upon it was illustrated in' 
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Exp. 66 (c) . It waa shown that, by the addition of bromine 
water to the water solution of phenol, tri-brom -phenol is formed. 

Dilute nitric acid acts upon phenol, jielding two mono-nitro- 
phenols, CjHj | ', one of which has been shown to belong to 
the ortho series, the other to the para eeries. 

Bxperiment 07. Add S0( phelol to a mixture of 80™ water and 
40" ordinary concentrated nitric alid (sp. gr. 1.3*). Stir, and, after a 
time, pour offtlie dilute acid fromlbe oil. Wash with water, and then 
put it into a flask, with about a line of water, arranged as shown in 
Fig. IG. Flaslc A liolds nothing bif water; wliile the oil, together with 



water, are in B. From A a curre^of 
Is heated by means of a lamp, ylllon 
in the receiver, while a non-volatlfc sul 
B. The volatile substance Is orUfo-ni 



s passed into B, wlilch 

^lliow crystals pass over and appear 

substance remains behind in (ia.'ik 

_f>-nitro-phenol ; tbe non-volatile Is 

para-nit ro-phe nol. 

'Xj ^^his is formed very easily by the action of strong nitric acid on 
jirT phenol. 

Experiment 68. Dissolve lO^ to 15« phenol in weak nitric add, 
and to this solution slowl; add some strong nitric acid. Afterward . 



Tri-nitro-phenol, picric acid, GHaNjOvf = CsH, \ 
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dilute with water; filter off the picric acid, and wash. Dissolve 
in dilute potassium carbonate solution, and evaporate to crystalliza- 
tion. jO 

Picric acid forms yellow crystals, has a veiy bitter taste, 
is poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and silk yellow. 

Note fob Student. — Is there any analogy between tri-nitro- 
phenol and tri-nitro-glycerin? What is the essential difference be- 
tween them? ^2^^ 

One of the most interesting properties of tri-nitro-phenol i»V,^vr^ 
its power to form salts. It acts like a strong acid. It will 
thus be seen, that, while the substance CeHg .OH has only very 
slight acid properties, the same substance, with three of its 
hydrogens replaced by nitro groups, C6H2(N02)3.0H, has 
strong acid properties. In the salts, which have the general 
formula C6H2(N02)3.0M, the metals replace the hydrogen of 
the hydroxyl. Among them may be mentioned the potassium 
salt which was obtained in Exp. 68 ; this explodes when heated 
and when struck. Ammonium picrate, C6H2(N02)8.0NH4, is 
used as a constituent of explosives^ 

the same relation to phenol that mercaptan bears to alcohol. "^^^Z^w^ 
It may be made by reducing benzene-sulphonic acid. This 
reduction is effected by first making the sulphon-chloride, 
C(jE^S02Cl^ (Exp. 64), and then treating this with nascent 
hydrogen. 

Note for Student. — What is the effect of oxidizing the mercap- 
tans? 

It may be made, also, by treating phenol with phosphorus 
peujagulphide, the effect of this reagent being to replace oxy- 
gen by sulphur. 



% 
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' Note fou Student. — What analogy is there between the action of 
phosphorus peutachloride and of phosphorus pentasulphide on com- 
pounds containing oxygen? 

Phenyl mercaptan is a liquid, with a very disagreeable 
odor. With mercuric oxide it forms a crystallized com- 
pound, (C6H5S)2Hg. 

Cresol s, OTHgOf = OsHi < qh )' — There are three cresols, 
jA^f^^r hydroxyl derivatives of toluene, of the formula CgH^ < '. 

-^^ They are all found in coaljaj, and the tars from pine and beech 
wood. When mixed together, it is difficult to separate them. 
To obtain them in pure condition! it is therefore best to make 
them from the thr ee toluidi nes,ftterom the thr ae sulphonic acids 
of toluene. 



Note for Student. — Give the equations representing the reactions 
Involved in passing from the three toluidines to the cresols, and A:om 
the three toluene-sulphonic acids to the cresols. 

The cresols resemble phenol very closel3^ 

Creosote is a mixture of chemical compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote consists 
largely of phenol. 

/ rCH., 

Th3miol, propyl-meta-cresol, d^uOf = CeHa \ OH (»«) 

V ^ CaH^CP)' 

This phenol is contained in oil of thyme, together with cymene. 

It forms large monoclinic crystals, which melt at 5Q°. It has a 

pleasant odor, like that of the oil of thyme. Treated with phos- 

^ Formulas of this kind serve very well to indicate the relations of the groups and 
atoms contained in benzene derivatives. { This one, for example, indicates that the 
hydroxyl is in the meta position (m) th methyl; while the propyl is in the para 
position to methyl (p). For bi-substjtution products, such formulas may also 

be used. Thus, the three toluidinesli may be represented by CeH^<^ » t 
CeH4<^^» , and CeH4<^^8 . j NH,(o) 
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phoms pentoxide, it yields meta-cresol : whOe, when treated 
with phosphoros pentasalphide, it yields CTmeDe. These two 
reactions indicate that the groups contained in th^-mol bear to 
each other the relations indicated bv the formnla given above. 
It is one of the two theoretically possible hydroxyl derivatives 
of C3'mene. The other one, carmcr^. has the hydroxyl in tlie 
ortho position relatively to Toetnyi; It has been made from 
the corresponding cymene-sulphonic acid; is fonnd in nature 
in the ethereal oil of Origanum hirtum ; and may be made from 
carvol, or the oil of caraway. 

Di-ACiD Phenols. 

The three theoretically possible di-hydroxyl benzenes, 

OH 
CjH4<^„, are all well known. 

Pyrooatechin, i CHcO (= C/H ^ ^^ ^ 

Ortho-di-hydrory-benzene, J *^ \ ^^^OHioJ' /p 
This substance is a frequent procHct of the dry distillation of fj^ 
natural substances, — as of catecKu, morintannic acid, etc., — 
and of the melting of resins wm caustic potash. It may be 
made by melting ortho-iodo-phenol or ortho-phenol-sulphonic 
acid with caustic potash. It forms crystals, which melt at 
104°. It is easily solublein water, alcohol, and ether. 

The dilute solution in Water gives with ferric chloride a 
dark-green color, which bpcomes violet on the addition of a 
little sodium carbonate. U/ 



Meta-di-hydroxy-benzene, 



Resorcin is formed by the nfelting of a number of resins with f ' v 
caustic potash, as of galbainm, sagapenum, asafoetida, etc. / 
It is made, also, by melting meta-iodo-phenol or meta-benzene- 
disulphonic acid with caustic potash. 

It crystallizes from wateJ, usually in thick rhombic p**' 
Melting-point, 110°. ' 



ama 
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With ferric chloride, the water solution gives a dark purple 
color. Heated for a few minutes with phthalic acid in a test- 
tube, a yellowish-red mass is formed. When this is added 
to dilute caustic soda, a wonderfully fluorescent solution is 
obtained. The explanation of this reaction will be given 
under the head of Tri-phenyl-methane, when the phthaleins 
will be considered. 

Resorcin is used lai*gely in the manufacture of 'certain dyes, 
and is therefore manufactured on the large scale. 

^^ compound is formed by the action of nitric acid on resorcin, 
and on those resins which give resorcin when treated with 
caustic potash. It closely resembles picric acid. Heated 
with bromine and acetic acid, it yields the substance known 
as b rompicrin^t which has the formula C(N02).Br8. 

Hydroquinorfe, IrTrn/'-rTT^OH ^ 

Para-di-hydroxy-benzene, / ^«-^^<- ^«^* < OH(p)>/- 
Hydroquinone is formed by the dry distillation of quinic acid, 
.by reduction of quinone (which see) , by the action of chromic 
^kcid on aniline, by melting para-iodo-phenol, etc. 
\\ It is a crystallized substance which melts at 169® ; easily 
^ soluble in alcohol, ether, and hot water. 
^v5# Oxidizing agents, such as ferric chloride, chlorine, etc., con- 
\\; /vert it into quinone. 



It would lead us too far to consider here the reactions which 
bave been made use of for the purpose of determining to which 
/\«^- •' series each of the three di-h^'droxy -benzenes belongs. The 
principle involved, however, is simple. Either these substances 
must be converted, directly or indirectly, into others, in regard 
to the relation of whose groups we have evidence ; or sub- 
stances, the relation of whose groups is kiiown, must be oon- 
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verted into the di-hydroxy-benzenes. The reactions made use 
of for effecting the conversions are mainly those which* have 
akeady been considered; viz., the formation of amido com- 
pounds from nitro compounds by reduction ; the formation of 
diazo compounds from amido compounds ; the formation of 
(1) hj'droxyl derivatives, (2) chlorine, bromine, or iodine de- 
rivatives, from the diazo compounds | and the formation of 
hydroxyl derivatives from sulphonic acids. 



are three dye-stuffs, known as archil, cudbear, and litmus, which '^1 
are made from different lichens by exposing them in powdered ^ ' 
condition in ammoniacal solution to the action of air. They 
are treated with decomposing urine, from which the ammonia 
is obtained. Archil contains a substance called orcein, which 
may be made from orcin by treating it with ammonia. Orcin 
is contained in several lichens. It is formed, also, by melting 
aloes with caustic potash, and by melting chlor-toluene-sulpho - 
nic^ai-aitlucaustic potash. The last reaction shows that 
orcin is a di-hy droxy-toluene . 

Orcin crystallizes in largef colorless, monoclinic prisms. 
Tunis red in the air. Feryic chloride turns the aqueous 
solution deep violet. 

Treated with ammonia in /moist air, it is converted into 
orcein', C7H7NO3, a substanfee which dissolves in alkalies, 
forming beautiful red solutions. 

Orcin is manufactured on the large scale, and then con- 
verted into orcein, which is used as a dye. 

Tri-acid Phenols. 
Pyrogallic acid is formed by dry distillation of gallic acid, the 
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reaction being analogous to that by which benzene is produced 
by distillation of benzoic acid : — 

C6H5.CO2H =C6He + C02; 

Benzoic acid. BenzeDO. 

(, OU2rl Pyrogallol. 

Galiic acid. 

It is formed also when one of the chlor-phenol^sulphonic acids 
is melted with caustic potash : — 

(OH rOH 

CeH, ] CI + ^Xtt = C,H, ] OH + KCl + Ki^O,. 
(SO3K ^"^ (.OH 

Potassium chlor-phenol- Pyrogallol. 

suipbonate. 

It crystallizes in laminae (ABeedles ; melts at 115° ; is easUy 
soluble in water, ether, anJ alcohol. In alkaline solution it 
absorbs oxj'gen rapidly and! becomes brown. On account of 
this power to absorb oxygen|it is used in gas analysis. It is 
poisonous. 

With a solution containiitsti ferrous and a ferric salt it gives 
a blue color. 

Most of the phenols give color reactions with ferric chloride, 
fand most of them change color in the air. These changes in 
color are undoubtedly due to the action of oxygen upon them. 
Towards oxidizing agents they are all unstable, most of them 
breaking down readily and yielding as the chief product of 
oxidation, carbon dioxide. In general, the larger the number 
of hydroxyl groups contained in a phenol the less stable it is. 
We shall see that these same statements hold good for the 
hydroxy-acids of the benzene group, of which gallic acid and 
salicylic acid are examples. 

Alcohols of the Benzene Series. 

The phenols are those hydroxyl derivatives of the benzene 
hydrocarbons, which contain the hydroxyl in the place of one 
or more of the six benzene hydrogens. But just as there are 
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two classes of halogen substitution-products of toluene, in one 
of which the substitution has taken place in the benzene 
residue, and in the other in the marsh-gas residue, as indicated 
in the two formulas, — 

CeH4Cl.CH8 and CeHs.CHgCl, 

so, also, there are two classes of hydroxyl derivatives: (1) the 
phenols, and (2) those in which the hydroxji is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to the formula, C6H5.CH2.OH. It is isomeric with the 
cre sols^ Qi^ ^ ^OH.CH ^ . and has entirely different properties, 
lile the cresols are the true homologues of phenol, the new 
substance is really methyl alcohol in which one of the hydrogens 
of the methyl has been replaced by phenyl, CgHg. It may 

„ , when its analogy to 
OH 



be represented by the formula, C 



CH3 



TT 

ethyl alcohol, C -j , is at once apparent 

OH 

Benzyl alcohol, C7H80(= CeHs.CHjOH). — Benzyl alcohol l^^ 
or phenyl carbinol is found in nature in the balsams of Peru ^ 

and Tolu, and in storax. In these substances it is, for the 
most part, in combination with benzoic or cinnamic acid. It is 
made by treating the oil of bitter almonds, which is the corre- 
sponding aldehyde, with nascent hydrogen : — 

. Cellg.CHO -|- H2 = C6H5.CH2»OII» 

Oil of bitter almonds. Benzyl alcohol. 

It is also made by replacing the chlorine in benzyl chloride, 
CeH5.CH2Cl, by hydroxyl, just as methyl alcohol is made from 
methyl chloride by a similar replacement. In the case of 
benzyl chloride it may be effected even by boiling for a long 
time with water : — 

C6H5.CH2CI + H2O = C6H5.CH2OH + HCl. 



A. 
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Benzyl alcohol is a liquid with a pleasant odor. It boils at 
206.5°. 

Note for Student. — Notice the great difference between the boll- 
ing-poiut of methyl alcohol and phenyl-methyl alcohol. 

Oxidizing agents convert the alcohol, first, into the oil of 
bitter almonds or benzoic aldehyde, and finally into benzoic 
acid. The relations between the three substances are like 
those between any primary alcohol and the corresponding alde- 
hyde and acid, as shown by the formulas, — 

CjHgO, C7H(jO, CjHgOg, 

or CeH^ .CHgOH ; or CgHs .CHO ; or CeH^ .CO^H. 

Benzyl alcohol. Benzoic aldehyde. Benzoic acid. 

Hydriodic acid converts benzyl alcohol into toluene : — 

CeHfi.CHgOH -f 2 HI = CeH^.CHg + HgO + 21. 

Benzyl alcohol conducts itself, in most respects, like the 
primary alcohols of the methyl alcohol series. A large number 
of its derivatives have been made and studied. Among them 
are ethereal salts^ of which benzyl acetate^ CH3.CO.OC7H7, and 
benzyl nitrate^ NO2 .OC7H7, may serve as examples ; ethers^ of 
which the methyl ether ^ C6H5.CH2.O.CH3, and the phenyl ether ^ 
C6H5.CH2.OC6H5, are good examples ; and su bstituti on-pr oducti 
of which chlor-benzyl alcohol^ CaH4Cl .CH2OH, and nitro-benzyl 
, ^alcohol ^ C6H4(N02).CH20H, are examples. 
:' . ,/ These substitution-products are not made by direct treatment 
^ \ \^^^ *^® alcohol with the substituting agents, but by starting from 
^ - "^ \^ the corresponding substit uted tolue ne. Thus, chlor-benzyl 
O- 'f ^ ^ alcohol is made from chlor-toluene, C6H4CI.CH3, hy first con- 
;, ' verting this into chlor-benzyl chloride, C6H4CI.CH2CI, and then 

replacing the chlorine of the group CH2CI by hydroxyl. • By 
oxidation the substituted benzyl alcohols yield the correspond- 
ing substituted benzoic acids : — 

CeP^CLCHaOH +02 = C6H4CI.CO2H + H3O. 

Chlor-benzoic acid. 

C»[l4(NOs) .CHjOH + Oj = C„H4(N0s)C0isH + H,0. . 

Nitro-henzoic acid. 
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Very few of the alcohols analogous to benzyl alcohol have 
been prepared. Plainly, the ]jg]nologue^|||j|^J2g^Q^Jj2y]^^ '^^^ 

1. Those which are phenyl derivatives of the alcohols of the 
methyl alcohol series. Of this class, phenyl-ethyl alcohol, 
CeHfi.CHa.CHgOH, the isomeric substance CeH^.CH. OH. CH3, 
and phenyl-propyl alcohol, C6H5.CH2.CH2.CH2OH, are ex- 
amples. Phenyl-propyl alcohol is of special interest on 
account of its connection with cinnamic acid (which see), 
which has come into prominence since it has been shown to be 
closely related to the interesting substances of the indigo group. 
It occurs in storax in the form of an ethereal salt, which will 
be spoken of more fully under the head of Cinnamic Acid. 

2. Those which are derivatives of xylene, mesitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

Tolyl carbinol .... CeH,<^^\. 

and Cuminyl alcohol .... C6H4 < ^ _^ , 

which is made from cuminol, an aldehyde found in the oil of 
caraway. 

Aldehydes of the Benzene Series. 

The aldehydes of this group are closely related to the alco- 
hols just considered. The simplest one is the oil of bitter 
almonds, or benzoic aldehyde, CjII^O. 

OU of bitter almonds. | ^^^^^^ 0,H,.CHO). -This sub- 

Benzoic aldehyde, > 
stance occurs in combination in amygdalin, which is found in 
bitter almonds, laurel leaves, cherry kernels, etc. Amygdalin 
belongs to the class of bodies known as glucosides^ which break 
up into a glucose and other substances. Amygdalin itself, 
tmder the influence of emulsin, which occurs with it in the 
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plants, breaks up into benzoic aldehyde, hydrocyanic acid, and 
dextrose : — 

CjoH^rNOn + 2 HgO = QHgO + CNH + 2 CePiaOe. 

Amygdalln. Benzoic aldehyde. Deztroee. 

Benzoic aldehyde may be made : 

1 . By oxidizing benzyl alcohol : — 

CeHfi.CHjOH + O = CeH^.CHO + HgO. 

2. By distilling a mixture of calcium benzoate and calcium 
formate : — 



CeHs.COJOM 

hJcoom 



= CftHg.CHO + M2CO3. 



3. By treating benzoyl chloride, the chloride of benzoic acid, 
with nascent hydrogen : — 

CeHfi.COCl + Ha = CgH^.CHO + HCl. 

4. By treating benzal chloride with water or mercuric oxide : — 

CeHfi.CHCla + HgO = CeHs-CHO + 2 HCl. 

Note for Student. — Refer to the general methods for the prepara- 
tion of aldehydes. Which of the above reactions are used for the 
preparation of aldehydes in general? Which of the reactions throw 
light upon the nature of aldehydes, and their relation to alcohols? 



Benzoic aldehyde is prep 
which 3'ield about 1.5 to 2 per 
according to reaction 4, abov 
employed in the artificial prepa 

Benzoic aldehyde is a liquid 



either from bitter almonds, 
cent; or from benzal chloride, 
! given. The latter method is 
ation of indigo, 
laving a pleasant characteristic 



odor. It boils at 179°; is dificultly soluble in water; is not 
poisonous. \V 

It unites with oxygen to form benzoic acid ; with hj'drogen 
to form benzyl alcohol; with hydrogen sulphide, ammonia, 
ammonium sulphide, alcohols, acids, •anhydrides, and ketones. 
In short, its powers of combifia-tP.Q with nthfy 
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aJmoBtim|im^d. Hence, a very large number of derivatives 
are known. 

Guzninic aldehyde, cuminol, CioHi20[= C6H4< ^ „ 

This aldehyde occurs in oil of caraway, from which it is made. 
It is a liquid with the odor of the oil of caraway . Its reactions 
are like those of benzoic aldehyde. 



Acids of the Benzene Series. 

The simplest of these acids has been referred to repeatedly. 
It is benzoic acid, which bears to benzene the same relation 
that acetic acid bears to marsh gas. It is the carboxyl deriva- 
tive of benzene. The homologous acids are the carboxyl 
derivatives of the homologous hydrocarbons. We shall find 
mono-basic, di-basic, tri-basic, and even hexa-basic acids, 
though the number of acids actually known is small. 



Monobasic Acids, CnHgn.gOg. 

Benzoic acid, 07H602(= C6H5.CO2H). — Benzoic acid occurs ^^Ca, 
^r^ miTn hpnf^nin^ ifl thc balsams of Peru and Tolu, and in ^^^<L 



nf^mh^lJf^\^\^n with f^TTn|;/|/^-fl/^AJ-j^ fxo\A py glyc mln 'the urinC Of 

herbivorous animals. It ma}' be made in many ways, the most 
important of which are stated below : — 

1 . By oxidation of hpnjgyl alpnlif^l nr any alcoh ol which is a ^ 
phenyl derivative of an alcohol of the methyl alcohol series. -<^ 
The common condition in all these alcohols is the presence of / 
the difficultly oxidizable residue, CgHs, in combination with an 
easily oxidizable residue of an alcohol of the marsh-gas series : — 

CftHfiCHgOH gives CgHs.COgH; 

C6H5.CH2.CH2OH " CeHj.COgH; 

CflHfi.CHa.CHa.CHaOH '' CftH^COaH, etc. 
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2. By oxidation of be nzoic alde hyde, and the aldehydes of 
the other alcohols referred to in the preceding paragraph. 

3. By oxidation of all benzene hydrocarbons which contain 
but one residue of the marsh-gas series. Attention has already 
been called to this fact (see p. 246) . 

4. By treating cyan-benzene (phenyl cyanide, benzo-nitrile) 
with a caustic alkali (see Exp. 65, p. 267) : — 

CeHfiCN -f KOH -f H2O = CeHs.COaK + NH3. 

5. By treating benzene with carbonyl chloride in the presence 
of aluminium chloride : — 

CeH« + COCI2 = CeHa.COCl + HCl; 

CftHg.COCl -f H2O = CeHfi.COgH + HCl. 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully under the head of Tri-phenyl-me thane. 

6. By treating benzene with carbon dioxide in the presence 
of aluminium chloride : — 

Celi^ + CO2 = CgHg .COgH. 

This and the preceding methods are of special interest from the 
scientific stand-point, for the reason that they clearly show the 
relation which exists between benzoic- acid, on the one hand, 
and benzene and carbonic acid, on the other. 

Note for Student. — Which of the methods above given are of 
general application for the preparation of the acids of carbon? 




•.-\ 



II ' ' Benzoic acid is prepared on the large scale : (1) from gum 
benzoin by sublimation ; (2) from the urine of horses and 
cows by treating the hippuric acid with hydrochloric acid; 
(3) from toluene, best, by converting it into benzyl chloride, 
\ ' and oxidizing this with dilute nitric acid. 

Experiment 69. If the materialts obtainable, evaporate a quantity 
of the urine of horses or cows to about one-half or one>third its vol- 
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;id\ 



mne. Add hydrochloric acidi On cooling, hippnric acid wlU be 
deposited. Recrystallize this I several times from dilute nitric acid. 
Boil the hippuric acid for abo lit a quarter of an hour with ordinary 
concentrated hydrochloric aci 1. By this means the hippuric acid is 
decomposed, yielding glycin (a uido-acetic acid) and beuzoic acid : — 



C^iyNO, + H,0 
Hippuric acid. 



= C,HA + CH,<J5^ 
Benzoic acid i^Ujtl 

Glycin. 



Benzoic acid forms/iustrous laminae or needles, which melt 
at 121^ 



Kxperiment 70. 

mens of benzoic acij 
cyanide. (Exp. 65), ai 
recrystallize the sped 
not changed by furth( 
least pure may be purj 
acid. 



Compare the melting-points of the two speci- 
which have beeu made: (1) from phenyl 
(2) from uriue. If they are not the same, 

lens from water until the melting-points are 
crystallization. Those specimens which are 

led by recrystallizing them from dilute nitric 



The acid is comparatively easily soluble in hot water, but 
difficultly soluble in) cold water. It is volatile with water 
vapor. 

Experiment 71. JPut some in a one-litre flask, with about 700<« to 
800CC water. Connect with a condenser, and boil down to about 200<«. 
Neutralize the distillate yvith ammonia, and evaporate down to a small 
volume. Acidify, when Benzoic acid will be thrown down. 

Its vapor acts upon the mucous membrane of the respiratory 
passages, producing coughing. 
I t sublimes very easily . 

Experiment 72. Put somo^dry benzoic acid in a small, dry crystal- 
lizing dish, and put the dish /n a sand-bath. Over the mouth of the 
dish put a paper cone made ' ft-om filter-paper, arranged as shown in 
Fig. 16. Heat with a small flaVe- The benzoic acid will be deposited 
on the paper in beautiful lustroi!^s needles. 

Or another form of apparatus which is useful for subliming small 
quantities of substance, consists, essentially, of two watch-glasses 
which are of exactly the san^ size. The edges of the glasses are 
ground to secure a good joii^t when they are brought together. In 
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using this apparatus, put thd substance to be sublimed in one of the 
glasses; stretcb a round plede of filter-paper over It, and then place 
the other glass upon It. Clnnp tlic gla^tscs together bj means of a 
tiiln brasB clamp. Now pu^ the glasses on a sand-bath, and warm 









gently, when the Bubstance vn]l slowly pass through the paper and 
appear In crystals in the upper' watch-glass. It Is well to keep a small 
pad of moist fllter-paper on theKipper glass during the operation. 

When heated with lime, benzoic acid breaks np into benzene 
and carbon dioxide (see Exp. 55) : — 

C,HA = CeHj + COj. 
With sodium amalgam, it yields benzyl alcohol and other reduc- 
tion-products. With hydriodic acid, it yields toluene, and then 
hydrogen addition- products of toluene. 

A great many derivatives of benzoic acid are known. 
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Nearly all its salts are soluble in water. 
The ethereal salts may be made by any of the general 
methods already described. 

Note for Student. — What are the general methods for the prepa- 
ration of ethereal salts? 

Experiment 73. DlssolveMC^ benzoic acid in 150<^<: absolute alco- 
hol. Pass dry hydrochloric scid gas into the solution, keeping the 
latter cool by surrouuding i; with water. When the solution is 
saturated with hydrochloric a id, connect the flask with an inverted 
condenser, and warm gently on a water-bath for half an hour. Now 
add three or four volumes of w ater, when ethyl benzoate will separate 
as an oil. Wash with water ax d a little sodium carbonate ; and, finally, 
dry. 

Benzoyl chloride, OeHs.COCl, and bromide^ CeH^.COBr, 
are made from benzoic acid in the same way that acetyl chlo- 
ride is made from acetic acid. They are more stable than the 
corresponding compounds of the fatty acids, but in general 
undergo the same kinds of change* 

Benzoyl cyanide, CeHs.CO.ON, is made by distilling mer- 
curic cyanide and benzoyl chloride : — 

2 CfiHs.COCl + Hg(CN)2 = 2 CeH^.COCN + HgCla- 

The cyanogen can be converted into car boxy 1, and thus an 
acid of the formula C6H5.CO.CO2H obtained. This is known 
as benzoyUformic acid. It is of interest, for the reason that 
one of its derivatives is also a derivative of indigo (see 
Isatine) . 

Subs^ution-Pro^^ 

Benzoic acid readily yields substitution-products when treated 
with the halogens, nitric acid, and sulphuric acid. The products 
obtained by direct substitution mostly belong to the met^eries. 
Thus, when chlorine acts upon benzoic acid, the m'^^^Scfuct 
is meta-chlor-benzoic add; nitric acid gives mainly meta-nitro- 



f 
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benzoic acid; and sulphuric acid gives mainly meta-sulplio-hen^ 
zoic add. 

Note for Student. — Compare this with the result of the direct 
action of the same reagents on toluene. What are the first products 
of the action of nitric and sulphuric , acids on toluene? 

Substituted benzoic acids may be made, also, by oxidizing 

the corresponding substituted toluenes. Thus, chlor-toluene 

gives chlor-benzoic acid ; nitro-toluene gives nitro-benzoic-acid, 

etc. : — 

C6H4CI.CH8 gives CeH^CLCOaH; 

C6H4(N02) CH3 ' ' C6H4 (NO2) CO2H. 

The three nitro-benzoic- ax^ids and the corresponding amido- 
benzoic acids maj' serve as examples of the mono-substitution 
products. 

, Ortho-nitro-benzoio acid, OTH5N04f = OeH^ < 2Si^ \ 

/> fSV Ortho-nitro-benzoic acid is formed, together with a large quan- 
^ / ^ tity of the meta acid and some of the para acid, by treating 
benzoic acid with nitric acid, by oxidizing ortho-nitro-toliiene 
with potassium permanganate, and by oxidizing ortho-nitro- 
cinnamic acid. It crystallizes in needles, melts at 147°, and 
has an intensely sweet taste. 

CO H 
\ ^/ Meta-nitro-benzoio acid, CeH* < yrrri . is the chief prod- 

^ \.y JNU2(«i)» ^ 

,^;/ *^ uct of the action of nitric acid on benzoic acid. It crystallizes 
\' -' in laminae, or plates, and melts at 140° to 141°. 



\ 



* CO TT 

Para-nitro-benzoic acid, GeH* < j^q (p)' ^ prepared best 

by oxidizing para-nitro-toluene. It crystallizes in laminse, 
melts at 238°, and is much less easily soluble in water than 
the ortho and meta acids. 

The determination of the series to which these three acids 
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belong is effected by transforming them into the amido-acids ; 
and these, through the diazo compounds, into the corresponding 

OH 

hydroxj'-acids of the formula C^H^ ^ co H" 

Note for Student. — Give the equations representing the action 
involved iu passing from toluene to ortho-hydroxy-benzoic acid (sali- 
cylic acid) by the method above referred to. 

In a similar way, lines of connection can be established 
between the three hydroxy-acids and the chlor-, brom-, and 
iodo-benzoic acids. 

Note for Student. — What are the reactions? 

The three hydroxy-acids, on the other hand, have been made 
by methods which connect them directly with the three bibasic 

CO H 

acids of benzene, CjH^ < qq^h^ which, in turn, have been made 
from the three xylenes. 

Ortho-amido-benzoio acid, ) ^ „ ^^ /_ r« tt ^ CO2H 
Anthranilio acid, / ^^^^^^^ [- C^ < ^^^^^^ 

This acid is made by reducing ortho-nitro-benzoic acid with 
tin and hydrochloric acid, and by boiling indigo with caustic 
potash. It has already been stated that indigo yields aniline. 
Now, as ortho-amido-benzoic acid is also obtained, and this 
breaks up easily into aniline and carbon dioxide, 

C.H,<^^^ = CaH,.NH, + CO^, 

it seems probable that the aniline is a secondary product. 

Isatine, dB^NOif^ C^l^K ^ ^ C.Oh). — Isatine is ob- 1 / 

tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid as follows : — 

The amido-acid is converted into the chloride, the chloride 
into the cyanide, and this into the corresponding narhoxv' 




O 
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derivative, which is the ortho-amido derivative of benzoyl- 
formie acid. The ortho-amido-benzoyl-formic acid thus ob- 
tained loses water, and is converted into isatine. The changes 
are represented by these equations : — 

(^> ^•«^4h?H + ^^ = C«H.<COa ^ + HCl + POCl,; 

Ortho-amido-benzoic acid. Ortho-amido-benzoyl 

chloride. 

Ortho-amido-benzoyl 
cyanide. 

(3) C.H.<COCN^ + 2H,0 = CeH,<CO€OOH ^ ^^^ 

Ortho-amido-benzoyl- 
formic acid. 

(4) CeH,<£^-^^^^ = CeH4<^^ >C.OH 4- H^O. 

NHglo) N 

Isatine. 

The formula given for isatine represents it as an anhy- 
dride of ortho-amido-benzoyl-formic acid, the water which is 
given off being supposed to h% formed by a union of the 
two hydrogens of the amido group and an oxygen of car- 
bonyl. The formation^of an hydrid es of aro matic ac ids is 
a characteristic of orthq^ compounds. Neither. thfi-Jiifilia-nor 
para compound s give up w ater. We shall find that this fact is 
illustrated in the case of the bibasic acids, the only one which 

COOH 

yields an anhydride being ortho-phthalic acid, CeH^<^^^^. ., 

which gives phthalic anhydride, CgH4< >0. This ready 

formation of anhydrides from ortho compounds, taken together 
with the fact that the meta and para compounds do not yield 
anhydrides, has been regarded as an argument in favor of the 
view that in the ortho compounds the two substituting groups 
are actually nearer together than in the meta and para com- 
pounds. 

The relation of isatine to indigo will be considered briefly 
under the head of Indigo. 



T^. 
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Meta- and Para-amido-benzoic acids are made from the 
corresponding nitro acids by redaction. 

Hippuric acid, benzoyl-amido-acetic acid, j 

C9H9N03(= C6H5.CONH.CH8CO2H). pfSiAtJU 

Hippuric aqid, as has already been seen (Exp. 69), occurs ifl"^ 
the urine of herbivorous animals, as the cow, horse, camel, and 
sheep. Some hippuric acid is found in human urine under 
ordinary circumstances. If benzoic acid be taken witli the 
food, it appears as hippuric acid in the urine, while derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippuric acid can be made synthetically from benzoic aci 
and acetic acid : 

1. By heating glycine with benzoic acid to 160° : — 

CeH,.COiOHi + ■-^!^^>CH3 = CH^ < J^j^ •^^•^•^» + H,0. 

Hippuric acid. 

2. By heating benzamide with chlor-acetic acid : — 
CeH^.CO.NHH + j^^^^><^^2 = ^'^'•^2^^>CH2 + HCl. 

Hippuric acid. 

3. B}' heating glycine with benzoyl chloride : — 

CHj < ^^^ + CI .OC.C«H» = CHj < ^^^■^'^' + HCl. . 

L'U2iJ. CU2il A "^ 

Hippuric acid cr3'stallizes from water in long, rhombic prisms. • „ »'t 
It is decomposed into benzoic acid and glycine by boiling Vl^'^' 

with alkalies, and more readily by boiling with strong acids 

(Exp. 69) : — 

^^'^COh'^'^ + H2O = CH2<^^2^ + CeH,.C02H. 

Note for Student. — What relation does hippuric acid bear to ^'Z 
benzamide? What is the effect of boiling acid amides with alkalies? 
Write the eq nation for the decomposition of benzamide, and compare 
It with that for the decomposition of hippuric acid. 
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/ Toluic aoids, GgHsOs. — There are four acids of this formula 
^Ar-^frKnown ; viz. ; the three carboxyl derivatives of toluene in which 

^^7 the carboxyl takes the place of benzene hydrogen atoms, 

CH 
CgH^ < po'tt' ^^^ *° ^^^^ obtained from toluene by replacing a 

hydrogen of the methyl by carboxyl, thus, CeHa.CHj.COjH. 

CH 

Ortho-^ meta-^ and para-toluic acids , CeH4< _,^'_-, are made 
by oxidizing the corresponding xylenes with nitric acid : — 

C^4<^g» + SO = c^<ch'^ + HA 

They, as well as their derivatives, of which many are known, 
have been studied carefully. The sub&^^^^U^jjiy^^yjygjggj^ 
be made either by treating the aciaswitn strong reagents or 
by oxidizing substituted xylenes : — 

CeH3(N02) < ^ J + 3 O = CeHsCNO^) < ^?f^ + H,0. 

Nitro-xylene. Nitro-toluic acid. 

a-Toluio aoid, lCaH8O,(=CeH5.CH,.0O.H).— Just 

Pnenyl-aoetio acid, ' 

^^ /, as benzoic acid may be regarded as phenyl-formic acid, so 

a-toluic acid may be regarded as phenyl-acetic acid. It is 

I obtained from mandelic acid, which is formed when amygdalin 

is treated with hydrochloric acid. It is prepared from toluene 

by converting this into benzyl chloride, from which the cyanide 

is made by boiling with potassium cyanide. The cyanide is 

then treated with an alkali, and yields the acid : — 

CeH^ .CHs + CI2 = CeHs .CHgCl + HCl ; 

Boiling toluene. Benzyl chloride. 

CeHfi.CHaCl + KCN = CeHs.CHgCN + KCl; 

Benzyl cyanide. 

C6H,.CH2CN + 2H2O = CoHs.CIL.COsH + NH,. 

a-ToIulc acid. 

The acid crystallizes in thin laminw ; melts at 76.5°, 
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Note for Student. — What would you expect o-toluic acid to yield 
when oxidizwl? (See p. 246.) What would you expect it to yield 

wheu distilled with lime? What would you expect the three toluic 

CH 
acidSjCjH^ < ^^^„, to yield by oxidation, and when distilled with lime? 

(S«e p. 243.) 



CO,H' 



Oxindol. C8HtNO^= CH* < ^g* > CO y — Oxindol is ob- Kic / 

tained by reduction of isatine (see p. 289) ; and also from ^^ 
ortho-amido-a-toluic acid by loss of water, in the same way 
that isatine is formed from ortho-amido-benzoyl-formic acid. 
When a-toiuic acid is treated with niti'ic acid, the para- and 
ortho-nitro acids are formed. The latter is reduced by 
means of tin and hydrochloric acid, when oxindol is at once 
obtained : — 

Ortho-amido-a-toluic acid. Oxindol. 

Meeitylenio acid, 03.«o/= O^ { oJ^'Y — This acid f/\.i '' 

has already' been referred to as the first product of oxidation 
of mesitylene. It is the only monobasic acid which has been 
obtained from mesitylene ; and, according to the accepted 
hypothesis, it is the only one possible. By distillation with 
lime, it yields meta-xylene. 

Note for Student. — Of what special sign^flcance is the formation 
of meta-xylene from mesitylenlc acid? 

» 

Hydro-oinnamio acid . I 

Phenyl-propionic acid, i j/O \ ^ 

Hydro-cinnamic or phenyl-propionic acid is obtained by treat- *^ "" 

ing einnamic acid with nascent hydrogen : — 

' C/5E15 • C/H . v/H. • C/OjH -f- H2 = CgHg . Cxi2 . 01x2 . COjH* 

Cinnamic acid, Hydro-ciouamic arid, 

Fhenyl-acrylic add. Phenyl-propionic acid. 
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It is also made by starting from ethyl-benzene, C6H5.C2H5, and 
using the same reactions that are necessary to transform toluene 
into a-toluic acid (see p. 292). It is a product of the decay 
of several animal substances, such as albumin, fibrin, brain, etc. 
It crystallizes from water, in long needles, which melt at 47°. 
It yields benzoic acid when oxidized. 

f ' Ortho-amido-hydro-1 ^— . ^0H2.0H2.CO2H mu- -^ 

■ • omnamio acid, i ^^^NHzCo) 

is prepared from hydro-cinnamic acid in the same way that 

ortho-amido-a-toluic acid is made from a-toluie acid. It is 

not obtained in the free state ; but, like the ortho-amido 

derivatives of benzoyl-foi-mic and of a-toluic acids, it loses 

water, and forms the anhydride. 



) J ", Hydro-oarbostyril, OeH* < S?^* > ^O. — Hydro-carbo- 
. - - »'^ ' NH 

^-'^ styril is made by treating ortho-nitro-hydro-cinnamic acid with tin 
and hydrochloric acid. It is a solid which crystallizes in prisms, 
melting at 160°. It is interesting chiefly for the reason that it 
is closely related to the im[)ortant compound quinolijie (which 
see). When treated with phosphorus pentachloride, hydro- 
carbostyril is converted into di-chlor-quinoline. The signifi- 
cance of tliis reaction will be spoken of hereafter. 

BiBASio Acids, CnH2n-io04. 

The simplest acids of this group are the three phthalic acids, 
which are the di-carboxyl derivatives of benzene, belonging to 
the ortho, meta, and para series. 

, PhthaHo acid, Xn-ar^f r«TT^C02H\ x»Kfi,oi;« 

.. J^y Ortho.phthalicaoid,}^«^^{=^«^<CO.HJ— ^^^^^1^« 

j ^y( acid was the first of the three acids of this composition dis- 

' covered; and, as it was obtained from naphthalene, it was 

named phthalic acid. In addition to its formation from 



ri 
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naphthalene may be mentioned that from alizarin and pur- 

CH 

purin; and from ortho-toluie acid, ^e^* < ^q'jj^^P by oxida- 
tion with potassium permanganate. 

Experiment 74. Mix 40e naphthalene and 80e potassium chlorate, 
and add this mixture graduallyno 4008 ordinary concentrated hydro- 
chloric acid. Naphthalene tetra-chloride, CjoHg-Cl^, is formed in this 
reaction. Wash with water. }Gradually add 4008 ordinary concen- 
trated nitric acid (sp. gr. 1.46), lud boil in a flask connected with an 
Inverted condenser. When all ii dissolved, evaporate the nitric acid; 
and, Anally, distil the residue. Kithalic anhydride passes over. Re- 
crystallize from water. This willVbe used for other experiments. 

Phthalic acid forms rhombic trystals, which melt at 213** or 
lower, according to circumstancVs, as, when heated, it breaks 
up gradually, even below the melting-point, into water and the 
anhydride which melts at 128V Distilled with lime, it yields 
benzene; though, by selecting the right proportions, benzoic 
acid may be obtained : — 

(1) C«H4 < ^g^JJ = CeH^, + 2 CO2 ; 

(2) C^H^ < gg^{J =: CeH^ . CO2H + CO2. 

Phthalic acid is decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-xylene, when treated 
with chromic acid, does not yield phthalic acid. By boiling 
ortho-xylene with nitric acid, however, it yields ortho-toluic 

4d, G6^i<QQ^^(o)^ ^^^ ^^^ ^^y ^® oxidized to phthalic 
acid Dy treatment with potassium permanganate. 

CO 

Phthalia anhydride, C6H4 < qq > O, is f onned by heat- 
ing phthalic acid. It forms long needles, which melt at 128°. 
Treated with phenols, it forms the compounds known as phtha- 
letns (which see) • 



296 DEBIVATIVES OF THE B£NZEN£ SERIES. 



^ 



Isophthalio aoid, I /^ ▼▼ ^ 0O..H . - , , 
Meta-phthalio acid. ) °«^ < 0O.H(«). " *«'""^^ ^^ «^^- 

dizing either nieta-xylene or meta-toluic acid with chromic 
acid ; by distilling meta-benzene-disulphonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide with an 
alkali. 

Note for Student. — Write the equations representing the action 
involved in passing from meta-benzene-disulphonic acid to isophthalic 
acid. Into wtiich dihydroxy-beuzene Is this same disulphonic acid 
converted by meltiug it with caustic potash? 

The acid is formed, further, by treating meta-sulpho-benzoic 
acid with sodium formate : — 

FotaAsium sulpho- Potaflsium iso- 

benzoate. phtbalate. 

This reaction is of importance, for the reason that the same 
sulpho-benzoic acid, which is thus convei*ted into isophthalic 
acid, can also be converted into one of the three hydroxy- 
benzoic acids ; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from 'water. It 
melts above 300°, and is not converted into an anhydride. 



Terephthalic acid, ) ^ „ ^COjH n. u^u i- -j 

is formed by oxidation of the oil of turpentine,^ cymene, para- 
xj'lene, and para-toluic acid ; by heating a mixture of potassium 
para-sulpho-benzoate and sodium formate : — 

Potassium para- Potassium tere- 

Bulpho-benzoate. pbttaalate. 

^ The prefix tere is derived from the Latin ter^HnthinnSt turpentine. 
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Para-sulpho-benzoic acid is converted into one of the three 
h3'droxy-benzoic acids by caustic potash. In the para as well 
as the meta series, the lines of connection indicated below have 
been established : — 



^««^<Sh^^'«^< 



C02H 

SO,H 



^«'<ch: 



i 



C«H4<QJJ 



A 



^~ ^'^' ^ SO3H 



CO2H 
COoH 



N^ 



C6H4 < ^::^tt < — CeH,<^^» 



COaH 



Terephthalic acid is a solid which is practically insoluble in 
water. It sublimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hexabasic Acid. 

Mellitic acid, 0i2H6Oi3[= C6(C02H)6]. — This acid occurs 
in nature in the form of the aluminium salt, as the mineral 
honey 'St one or mellite . The mineral is rare, and is found in 
bSfHTJfflgnite^Tiellitic acid has been made by direct oxida- 7^^/ / 
tion of carbon with potassium permanganate, and by oxidation *^^'*-,. 
of hexa-methyl-benzene, C6(CH3)6. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 

Cfl(C02H)6 = CeHe + 6 COj. 

Phenol-acids, or Hydroxy- acids op the Benzene Series. 

It will be remembered that the alcohol acids or hydroxy- 
acids of the paraffin series jform an important class, including 
such compounds as glycolicL lactic, malic, tartaric, and citric 
acids. The peculiarity of 1 these compounds is their double 
character. They are at the same time alcohols and acids, 
though the acid properties ire more prominent than the alco- 



&. 
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bolic. The hydroxy-acids o: ' the benzene series bear the same 
relations to the benzene hy irocarbons that the hydroxy-acids 
ah-eady considered bear to the paraffins. The simplest are 
those which contain one hydj oxyl and one carboxyl in benzene, 

haying the formula CgH^ < p ?„• 

MONO-HYDROXT-BENZOIC ACIDS, CyHgOs. 

Salicylic acid, ) ^ ^ OH __ gaUcylic 

*V Ortho-hydroxy-benzoio acid, ' OOaHco)' 

( ^*Jx^ acid is found in the form of an ethereal salt of methyl, in the 

ih ^^ ^^ wintergreen, prepared from the blossoms of Gaultheria 

^y^ procumhens. It is formed in a number of ways, among which 

the following should be specially mentioned : — 

1. By converting ortho-amido-benzoic acid into the diazo 
compound, and boiling with water. 

NoTB FOR Student. — Give the equations representing the re- 
actions. 

2. By melting ortho-sulpho-benzoic acid with caustic potash. 

- ■ ■ * • 

Note for Student. — Write the equation. 

3. By passing carbon dioxide over sodium phenolate heated 
to 180° : — 

2 CeH^ .ONa + CO^ = C6H4 < ?^%, + CeH,OH. 

4. By heating phenol with tetra-chlor-methane and alcoholic 
potash : — 

C6H5.OH+ CCI4 -f- 6 KOH = C6H4<^J^+4KCl-h4H,0. 

5. By saponifying the methyl salicylate found in the oil of 
wintergreen : — 
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Experiment 76. B(|il 30=« to 40^^ oil of wintergreen with moder- 
ately strong caustic potlish iU a flask connected with an inverted con- 
denser. When it is dissolved, acidify with hydrochloric acid. Filter 
off the salicylic acid whiph sepafrates, and recrystallize fli'om water. 

Experiment 76. Dissolve 608 to 60«f phenol in the equivalent quan- 
tity of caustic soda. Evaporate to dryness. Powder, and put the salt 
in two or three small, flat-bottom flasks. Connect these with each 
other, and pass dry carbon dioxide through them. For the purpose of 
heating them, it is best to place them in an air-bath. Heat at first to 




Fig. 17. 

100°, and then gradually let tlie temperature rise to 180°. Finally, heal 
to 220^ to 250°. After cooliog, dissolve the mass in- not too much 
water, aud add hydrochloric lacid. Salicylic acid will separate. Re- 
crystallize from water, with tl e addition of bone-black. 

Experiment 77. Make a solution of 408 phenol and 808 sodium 
hydroxide In 120^° to 140^^ crater. Add gradually 60b chloroform, 
constantly shaking the mixti re. The solution changes color, and 
becomes, finally, deep red. The flask should be arranged as shown 
in Fig. 17, to prevent loss of dhloroform in consequence of the spon- 
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taneons eleAation of temperatare. 4^fter all the chloroform is used 
up, and the action is over, boil for ^alf au hour. Add dilute hydro- 
chloric or sulphuric acid until the w>lution has an acid reaction. A 
thick, red-colored oil will be thrown down. Boil by passing steam 
through the liquid, as in Exp. 67. A light-colored oil will pass over. 
This is the aldehyde of salicylic acidi together with some unacted-upon 
pheuol. Dissolve in ether, and shi&e this with au aqueous solution 
of mono-sodium sulphite, when thelaldehyde unites with the sulphite. 
Separate the ether solution of pheuj>l from the lower water solution, 
aud acidify the latter with hydrochloric or sulphuric acid, when sali- 



cylic aldehyde is thrown down as 
iron) basin with 208 to 30s caustic 



an oil. Put the oil in a silver (or 
potash and a little water, and keep 



the mass in fusiou for an hour or t vo. By this means the aldehyde is 
oxidized to the acid. Fiually, diss( Ive the mass in water, acidify, aud 
Alter off the salicylic acid which separates. 

The action of chloroform on phenol in the presence of caustic 
soda is analogous to that of tetra-chlor-methane. It is repre- 
sented in this way : — 

CeHff .ONa + 3 NaOH + CHCI3 
= C6H4<^^^ + 3NaCl +2HA 

This reaction is of general application to phenols, and affords 
a very convenient method for the preparation of the phenol- 
acids. 

Salicylic acid crystallizes from hot water in fine needles. It 
melts at 155° to 156°. 

When heated, it breaks up into phenol and carbon dioxide : — 

^6H.<^JJ„ = CeH^.OH + CO,. 

With ferric chloride, its aqueous solution gives a character- 
istic dark violet-blue color. Free salicylic acid is antiseptic, 
preventing decay and fermentation. It is therefore used for 
^ y^ preserving organic substances. 

f- ' £a Salicylic acid forms salts of the general formula C6H4<J:J ; 

iy^ and, with the alkalies, compounds, in which both the phenol hy- 



SALICYLIC ACID. 301 

drogen and the acid hydrogen are replaced by metals, as 

OK 

CgH^ < ); . Salts of the latter order, which contain the 

metals of the alkaline earths, are decomposed by carbon 
dioxide. Salicylic acid forms ethereal salts of the general 

formula C6H4<^^^, of which methyl salicylate, C6H,<^q^jj , 

is the best-known example. It forms, also, ether-acids of the 

OR 

general formula CgH^ <nf\rj'^ ^^^^ finally, compounds of the 

OR 

general f ornmla C^U^ < ^^ ^. 

A v^ry large number of substitution-products and other 
derivatives of salicylic acid have been studied ; but they need 
not be considered here. ^ 

That salicylic acid belongs to the ortho serie^ follows Jrom! 

Ortho-toluene-sulphonic acid has been converted into ortho- 
sulpho-benzoic acid, and this into salicylic acid. Further, the 
same toluene-sulphonic acid has been converted into ortho-toluic 
acid, which, by oxidation, yields phthalic acid. 

Ortho-toluene-sulphonic Ortho-sulpho-benzoic 

acid. acid. 

Potaseium salicylate. 

(4) W<^H3 +2H.O = C.H.<^J^^^j+NH3; 

, _^ , Ortho-toluic acid. 

Phthalic acid. 



? 
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Salioylid, C^'H4oI= OJB^ < I (?) ), is a substance obtained 

\ CO ; 

from salicylic acid bj' the abstraction of water. This ability to 
form anhydrides is in some way connected with the ortho rela- 
tion, a»the two isomeric hydroxy-acids do not yield anhydrides. 

Note for Student. — Compare the three phthalic acids in this 
respect. 

Oxybenzoio acid, \ H. < ^^ . — This 

\ Meta-hydroxy-benzoio acid, J * 0O2H(ot)* 

jt^p^cid is made from meta-amido-benzoic and meta-sulpho-benzoic 
^/» acid by the usual reactions. 

It crystallizes from water in Al^edles united to form wart-like 
looking masses. It gives no Icolor with ferric chloride. Its 
' connection with meta-phthalic (isophthalic) acid and meta-xylene 
is effected by means of the trac sformations tabulated on p. 297 ; 
that is to say, the same sulph< -benzoic acid which, by melting 
with caustic potash, yields ojybenzoic acid, by melting with 
sodium formate, yields isoph^i lip acid. Therefore oxy benzoic 
acid is a meta compound. yT 

Para-oxybenzoio acid, \ r" tt ^ OH -p 

Para-hydroxy-benzoic acid, j * COiHip)' 

j6xybenzoic acid is formed from the corresponding amido and 
sulpho-benzoic ^cids ; by treating various resins with caustic 
potash ; from anisic acid (which see) , by heating with hydriodic 
acid ; b y heating potassium phenolate in a current of carbon 
dioxide. 

Note for Student — Notice the fact that, while sodium phenolate, 
when heated in a current of carbon dioxide, yields salicylic acid, 
potassium phenolate, under the same circumstances, yields para-oxy- 
benzolc acid. 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with chloroform and caustic soda (see Exp. 77) . 



'. >^ 
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The reasons for considering para-oxybenzoic acid as a mem- 
ber of the para series are similar to those which show that 
oxybenzoic acid is a meta compound. The same sulpho-benzoic 
acid which yields para-oxybenzoic acid, also yields terephthalic 
acid. 




Para-methoxy-benzoic^ acid 



acid is formed by the oxidation of anethol, C6H4<~,~r^*, a 

phenol ether contained in anise oil. It is made by heating 
para-oxybenzoic acid with caustic potash and methyl iodide. 
As the formula indicates, it is the methyl ether of para-oxy- 
benzoic acid. 

Dl-HTDROXT-BENZOIC AcmS, C7H6O4. 

f (OH!) 
Protocatechuic acid, OgHa \ I^q -^^ is a frequent product P 

of the fusion of organic substances with caustic potash. Thus, .-. 
the following substances, among others, yield it : oil of cloves, ^' 
piperic acid, catechin, gum benzoin, asafoetida, vanillin, etc,.*^^^ 
It is made from sulpho-oxybenzoic acid, and from sulpho-para-\ 
oxybenzoic acids by fusing with caustic potash. 

Note for Student. — What analogy is there between the fact that 
protocatechuic acid is formed from sulpho-oxybenzoic acid and from 
sulpho-para-oxy benzoic acid, and the fact that pseudocumene is formed 
from brom-meta-xylene and from brora-para-xylene? What conclusion 
may be drawn regarding the relations of the two hydroxyl groups, and 
the carboxyl in protocatechuic acid? 

By distillation with lime, protocatechuic acid breaks up into 
pyrocatechin and carbon dioxide : — 

OH 



/ 






CeHg j OH = CgH. | 
v. COoH -p.. 



0H + «^- 



Pyrocatechin. 

1 Methoxy is derived from methoxyl, the name given to the ether group, OCH^. In 
A similar way OCaHs is called ethoxyl ; OCoUg, phenoxylf etc. 
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fOOHs 
Vanillic acid, C«H3 \ OH » is formed by oxidation of 

i OO2H 

vanillin, which is the corresponding aldehyde. It is the mono- 
methyl ether of protocatediuic acid. 

Vanillin, 08HbO3(= 0«Hs I OH \ occurs in nature, as a 

^ t OHO ^ 

crystalline coating, on the fruit of the vanilla. It is made 

OPH 
artificially by treating the ether, C6H^< ',withchl<5roform 

and caustic soda. 

Tri-hydroxy-benzoic Acids, CyHeOg. 

Gallio acid, CyHeOsf = 06H2{qq^)- — Gallic acid occurs 

in sumach, and in Chinese tea, and many other plants. It is 
formed by boiling tannin or tannic acid with sulphuric acid ; by 
V melting brom-protocateclmic acid with caustic potash : — 



W 



y * C,H, \ (OH), + KOH = C^, I J5.^» + KBr. 

(C0,H ^^"«" 

Brom-protocatechaic Gallic acid, 

acid. 

It is best prepared from prall r^^itA by fermentation of the 
tannin contained in them. y|„^^ 

Gallic acid is easily sol ible in water. Its solution gives, 
with a little ferric chloric e, a blue-black precipitate, which 
dissolves in excess of fer'ic chloride, foiming a dark green 
solution. It readily reduces metallic salts in solution. When 
heated, it yields pyrogallol (pyi*ogallic acid) and carbon di- 
oxide : — ^ /nw^ * 

CeHa I ^^H = CeH3(OH)3 + CO,. 

Tannic acid, tannin, GhHioOs. — This substance occurs 
in gall nuts, from which it is extracted in large quantities. It 
is an amorphous* powder. It is markedly astringent in its action 



^ 
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on the mucous membranes. It is soluble in water, the solution 
giviug, with ferric chloride, a dark blue-black color. Tannin i8 
used extensively in medicine, in d^'eing, and in the manufacture 
of ink. Its relation to gallic acid is indicated by the following 

2 C7H6O5 = C14H10O9 + H2O. 

Gallic acid. Tannin. 

Ketones and allied Derivatives op the Benzene Series. 

The ketones of the benzene series are strictly analogous tS 
those of the paraffin series, and they are made in the same way. 
Acetone is made by distilling calcium acetate : — 




CH3.CO10 (, 

CHafCO O 



^^»>C0 + CaCX)3. 

Acetone. 



So, also, benzophenone or diphenyl ketone is made by distill- 
ing calcium benzoate : — 



CeH,.CO|0 p 
CeHJCOO ^ 



= ?S' > C^ + CaCOs. 

~ Benzophenone. 

Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 

CHa-COfOMJ = CHe ^^^ _^_ ^^^^^ 
C2H5.ICOOMI C2H5 

^ L .' Ethyl-methyl 

ketone. 

And, similarly, mixed ketones containing one residue of a 
benzene h3'drocarbon and one of a paraffin ; or, two different 
residues of benzene hj'drocarbons may be obtained thus : — 

^^^ CH3.COOM - CH, > ^^ + ^*^^" 

Phenyl-methyl ketone, 
Acetophenone. 

cja. .cooM p „ 

(2) „ „ ^ CH3 = p'l;' > CO + M,C03. 

Phenyl-tolyl-ketone. 

The individual ketones need not be considered. 
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QuiNONES. 

The quinones are peculiar bodies which in some ways are 
allied to the ketones. The simplest example of the class, and 
the one best known, is called quinone. Its formula is C6H4O25 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to the hydrocarbons, of which they may be regarded 
as derivatives. 

Quinone, C6H4O2, is formed by the oxidation of quinic acid, 
hydroquiuone, para-diamido-bcnzene, and some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It forms long, yellow prisms ; sublimes in golden-yellow 
needles. 

Hydriodic acid reduces quinone to hydroquiuone : — 

CeHA + 2 HI = CflH4(OH)2 +21. 

The easy transformation of hydroquiuone into quinone, and 
the opposite transformation of quinone into hydroquiuone, as 
well as the formation of quinone from other para compounds, 
force us to the conclusion that the oxygen atoms in quinone 
are in the para position relatively to each other. Quinone 
appears, therefore, as a substance containing two carbonyl 
groups which are united by means of hydrocarbon residues, 
as indicated in the formula, — 

O 

pr\ HC CH 

CsH2<^X>C«H, or I I 

CO HC. ,CH 

o 

A substance of this kind may be called a di-ketone, and may 
be regarded as derived from a dibasic acid in the same way that 
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a simple ketone is derived from a monobasic acid. Thus, the 

COOH 

calcium salt of an acid of the formula C.H, < ^^^„ ought, ^c- 

COOH 

cording to this view, to yield quinone by distillation : — 

^^*<S;o>H CO 

--""---- = CjHj < i,)^ > C,H, + 2CaCOs. 
f!0'0 ^^ 

Several quinones have been studied. Under the head of 
Anthracene, we shall meet with an important one called anthra- 
quinone, which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expression is explained 
above. 

Pyridine Bases, CnHgn-aN. 

In the manufacture of bone-black, bones are subjected to dry 
distillation, when an oil passes over which is known as bone oil. 
This oil is a complex mixture of substances, several of which 
have, however, been isolated. Among the pure substances 
which havfe been obtained from bone oil may be mentioned 
pyridine, picoline, lutidine, and coUidine. All these compounds 
contain nitrogen ; and, starting with pyridine, they form a 
homologous series : — 

Pyridine C5H5N. 

Picoline CeHyN. 

Lutidine *. C7H9N. 

Collidine CgHuN. 

Pyridine, O5H5N. — Besides being formed in the distillation 
of bones, pyridine has recently been made in several ways, 
some of which enable us to form a conception in regard to 
its relations to other substances which have been considered. 
Great interest in the substance and its derivatives has bef 
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aroused by the observation that several of the alkaloids which 
occur in nature, such as quinine, cinchonine, nicotine, etc., 
when oxidized, yield acids containing nitrogen, which bear to 
pyridine the same relations that benzoic, phthalic acids, etc., 
bear to benzene. Thus, by oxidizing nicotine, nicotinic acid is 
obtained. This has the formula C6H5NO2 ; and, when distilled 
with lime, it breaks up into pjridine and carbon dioxide : — 

CcH^NOa = C5H5N + CO2. 

Nicotinic acid. Pyridine. 

This naturally leads to the conclusion that nicotinic acid is 
yridine-carbonic acid, C5H4N.CO2H, which bears to pyridine 
the same relation that benzoic acid bears to benzene, acetic 
acid to marsh gas, etc. 
Pyridine is formed : — 

1. By treating iso-amyl nitrate with phosphorus pentoxide : — 

C5HU.NO3 = QH^N + 3H2O. 

2. By conducting acetylene and hydrocyanic acid together 
through a tube heated to redness : — 

2 C2H2 + HCN = QH5N. 

It is a liquid with a peculiar, sharp, characteristic odor. It 
boils at 116. 7^ 

It unites with acids forming salts. 

It has beei^ suggested that pyridine is related to benzene ; 
and that it may be regarded as the hydrocarbon in which one 
of the six CH groups is replaced by a nitrogen atom, as repre- 
sented in the formulas 

H H 

I I and I I 

H 
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This view has suggested various lines of investigation. Thus, 
if the above formula really represents the relations between 
benzene and pyridine, it is clear that the existence of three 
isomeric mono-substitution products of pyridine ought to be 
possible. Thus, there should be three methyl-pyridines or 
picolines, three pyridine-carbonic acids, etc. The three pico- 
lines should correspond to the formulas 

H H CHa 

/C. /C^ C 

I III 



^N^ ^N^ ^N^ 

Ortho-picoline. Meta-picoline. Para-picoline. 

All three picolines are known; and, by oxidation, they are 
converted into the three pyridine-carbonic acids, C5H4N .CO2H ; 
and these, when distilled with lime, yield pyridine and carbon 
dioxide. 

The pyridine bases unite with two, four, or six atoms of 
hydrogen. The addition-products thus formed are believed 
to exist in the alkaloids. 

Piperidine. C5H11N, a base found in piperine, a constituent 
of pepper, has been shown to be hexa-hydro-pyridine. 

Nicotine is probably of similar structure. 

Valuable results may be expected from the further investiga- 
tion of pyridine and its derivatives. 

Terpenes, C10H18. 

In nature, particularly in the coniferous plants, occur several 
isomeric hydrocarbons, which are known by the common name 
terpene. These substances are very susceptible to the action 
of reagents, and hence undergo many changes. One of the 
most common changes is polymerisation. Thus, when a terpene 
is heated in a sealed tube, or is shaken with concentrated sul- 



810 DERIVATIVES OF THE BENZENE SERIES. 

phuric acid, or with boron fluoride and other substances, it is 
converted into polymeric modifications of the formulas C15H24 
and C20H32. The terpenes unite with hydrochloric and hydro- 
bromic acids, forming compounds, CioHie.HCl and C10H16.2 HCl. 

Oil of turpentine, terebenthene, OioHie. — This oil is 
obtained by distilling turpentine, a resinous substance which 
exudes from incisions in the bark of various species of the 
pine, larch, fir, etc., especially from the pine. The oil consists 
largely of a hydrocarbon, CioHig. The oils obtained from dif- 
ferent species of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of oil 
of turpentine, the following may be mentioned : It absorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, con- 
verting it into acetic, propionic, butyric, oxalic, para-toluic, 
terephthalic acids and some other acids ; bromine and iodine 
convert it into cymene. 

Oil of turpentine is used in the manufacture of varnishes on 
account of its solvent power for resins. It is also used in 
medicine. 

The reactions above enumerated indicate clearly that there 
is a close relation between cymene and oil of turpentine. This 
is shown by the fact that it is so readily converted into cymene, 
and that it yields para-toluic and terephthalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentine is 
a hydrogen addition-product of cymene, of the formula 

CHg 

C3H7 

We know nothing in regard to the causes of the isomerism of 
the different terpenes. 
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It should be observed that the above formula furnishes no 
explanation of the fact that oil of turpentine acts like an un- 
saturated compound. 

acid gas is conducted into oil of turpentine, a curious solid 
known as artificial camphor is formed. It looks like ordinary 
camphor, and has a very similar odor. When heated alone, or 
with bases, it gives off hydrochloric acid, and a terpene different 
from the oil of turpentine is iormed. 



Camphor. 

Bomeol, Borneo caonphor, CioHisO. — Borneo camphor 
is a substance found in cavities in a tree {Dryobcdanops cam- 
phora) which grows in Borneo, Spmatra, etc. It may be made 
by treating ordinary camphor with sodium : — 

2 CioHieO + 2 Na = CioHi^ONa + CioHi^ONa. 

Ordinary Sodium compound Sodium compound 

' camphor. of borneol. of ordinary 

camphor. 

The relation between the two kinds of camphor is shown better 
by the equation : — 

CioHigO + H2 = CioHigO. 

Ordinary Borneol. 

camphor. 

Camphor, laurinol, CioHieO — This is the substance ordi- 
narily called camphor. It is obtained in China and Japan from 
different species of the genus camphora of the laurus family, by 
distilling the finely-cut wood with water vapor. It is purified 
by sublimation. 

Camphor forms hexagonal crystals ; melts at 1 75**, and boils 
at 204**. It is only slightly soluble in water ; easily soluble in 
alcohol. 

Boiled with iodine, hj^driodic acid gas is given off and cymene 
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is formed. Phosphorus pentoxide decomposes camphor into 
cymene and water : — 

CioHigO = C10H14 + HjO. 

Camphor. Cymene. 

The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170°. It will be seen that, 
as far as the composition is concerned, the difference between 
a terpene and camphor is one atom of oxygen : — 

^loHie* vj'ioHigO. 

Terpene. Camphor. 

The relation between the substances is undoubtedly a close 
one, as is shown by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known as camphene^ which is 
formed by shaking oil of turpentine with sulphuric acid. 



CHAPTER XVI. 

DI-PHBNYL-MBTHANB, TRI-PHBNYL-MBTHANB, 
TBTRA-PHBNYL-MBTHANB, AND THEIR 

DBRIVATIVBS. 



As we have seen, toluene may be regarded either as methyl- 
beozene or phenyl-methane. Of course, according to all that 
is known regarding similar substances, the two views are identi- 
cal. Regarding it, for our present purpose, as phenyl-methane. 




^6^6 



we may write its formula thus : c 



This suggests the possibility of the existence of such sub- 
stances as 



Di'pkenyl-methane C -« 



CgHs 
H ' 
H 



Tri^henyl-methane • ^ 1 ^^^'^^ 



and Tetra-phenyl-methane C - 



C«H.^<^''-C 



>^ 



'6 

CeHa 






All these hydrocarbons are known, and the derivatives of 
tri-phenyl-methane are of special interest and importance. 
There is one reaction by means of which these hydrocarbon^" 



<^ 
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can be made very readily. It has also been used for the synthe- 
sis of many other hydrocarbons. It depends upon the remark- 
able fact that, when a hydrocarbon is brought together with 
a compound containing chlorine, and aluminium chloride then 
added, hydrochloric acid is evolved, and union of the two 
substances is effected, the aluminium chloride not entering into 
the composition of the product. Thus, when benzene and 
benzyl chloride, CeHg.CHaCl, are brought together under ordi- 
nary circumstances, no action takes place; but, if -some solid 
aluminium chloride be added, reaction takes place in the sense 
of the following equation : — 

CeH5.CH2Cl -f~ CgHg = CeH5.CH2.CeH5 -f- HCI9 

Di-phenyl-methane. 

and di-phenyl-methane is formed. 

Similarly, when chloroform and benzene are brought together 
in the presence of aluminium chloride, tri-phenyl-methane is 
formed according to this equation : — 

CHCls + 3 CeHe = CH(C6H5)8 + 3 HCl. 

Tri-phenyl-methane. 

Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon together in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-methane when boiled with zinc dust; and benzal 
chloride, CeH5.CHCl2, and benzene give tri-phenyl-methane: — 

CeHg.CHCla + 2 CgHe = CH(C6H5)3 + 2 HCL 

Only tri-phenyl-methane will be considered. 

. Tri - phenyl - methane, C19H16 [ = OH ( CeHs ) 3I . — This hy- 

/D.fj ]p^ drocarbon may be made, as above described, from benzal 

V'' \ chloride and benzene, and from chloroform and benzene. It 

may be made also from benzal chloride and mercury diphenyl, 

Hg(CeH5)2 : — 

CeH^.CHCl^ + Hg(C6H5)2 = CH(C6H5)8 -f- HgCl,. 
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It forms lustrous, thiiiTiamiiifie, which taelt at 92°. It is 
insoluble in water ; easily ioluble in ether and chloroform. It 
is cr3'stallized best from ^^Jj^hol. 

Towards reagents itLia-j:£0-atable . Thus, ordinary concen- 
trated sulphuric acid does not act upon it, r CgH^ 

I C H 

Oxidizing agents convert it into tri-phenyl-carbinol, c \ J^^^' 

I OH 
That the oxidation-product is really tri-phenyl-carbinol appears 

probable, from the fact that whenever aromatic h3'drocarbons 
which contain paraffin residues are oxidized, the paraffin resi- 
dues are first attacked, while, as a rule, the benzene residue is 
unacted upon* 

Trinitro-triphenyl- | c.3:3(NO,),[=0H(0.HJTO.),], is f^ 
methane, ' ii^"^' 

formed by treating tri-phenyl-methane with nitric acid ; and 
also by treating a mixture of nitro-benzene and chlorofonn 
with aluminium chloride : — 

CHCI3 -f SCeHg.NOa = CH(C6H4.N02)8 + 3 HCl. 

This reaction shows that i n t he tri-nitro product one nitro group 
is contained in each benzene residu e. 

Triamido-triphenyl-methane, para-leucaniline, 

Ci9Hi3(NH,)3[= CHlCeH^.NH^la]. 
The tri-amido compound is made by reduction of the tri-nitro 
compound, and also by reduction of para-rosaniline. It is 
converted into para-rosaniline by oxidation. 

Aniline Dtes. 

The well-known substances included under the head of Ani- 
line Dyes are more or less simple derivatives of the two 
compounds called rosaniline and para-rosaniline. 

When mixtures of aniline and toluidine are heated together 
with different oxidizing agents, such as arsenic acid, stannic 
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chloride, mercuric chloride, etc., several substances are formed, 
the principal of which are the two above named. Para-rosani- 
line, C19H17N3, is formed from para-toluidine and aniline, accord- 
ing to the equation, — 

2 CeHyN + CyHgN + 30 = C19II17N3 + 3 HgO. 

Aniline. Toluidine. Para-roeaniline. 

Rosaniline, C20H19N3, is formed in a similar way : — 
CeHyN + 2 C7H9N + 30 = CsoHigNg + 3 HjO. 

Aniline. Toluidine. Rosaniline. 

The composition and modes of formation of the two sub- 
stances show that r osaniline is a homolop;ue o f pfirfl-rna^^infi^ 
the relation between the two substances being represented by 
the formulas CigHijNa and Ci9Hie(CH3)N8. 

By treating para-rosaniline with a reducing agent, it is con- 
verted into para-leucaniline, which has been shown to be tri- 
amido-triphenyl-methane : — r C H NH 

Para-rosani- Para-leuc- \ ^6"4 • ^ ^2 

line. aniline. \ I^tt 

We see thus that para-rosaniline and rosaniline, which are 
the fundamental compounds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-methane. 



/) , IV^ Para-r< 

A V Instance by 
^J/'A toluidine i 



-rosaniline, O19H17N3. — The formation of this sub- 
oxidation of para-leucaniline and of a mixture of 
and aniline was mentioned above. It is probably 
one of the constituents of the commercial dye known as fnch- 
sine^ The relation between para-rosaniline and para-leucaniline 
is probably expressed by the following formulas : — 

rCcH^.NHg 



CeHs f C6H4.NH2 f C6H4.NH0 

CH \ CeHg CH J CeH^.NHj C(OH) ] CeH^.NH^ C < 

CeHs iCeH4.NH2 [C6H4.NH 

Tri-phenyl- Para-leucaniline. Triamido-triphenyl 



QH4 
NH 

methane. carbinol. ' Para-roBaniilne. 



, k^ 
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o 

According to this, para-rosaniline is an anhydride of triamido- 
triphenyl-carbinol, somewhat of the same order as oxindol, which 
is an anhydride of ortho-amido-a-toluic acid (see p. 293) : — 

p, TT CH2.CO.OH p TT ^ ^^2^ PO C\T CW ^ CH2.CO 

Ortho-amido-a-tolaic acid. Oxindol. 

Bosaniline, CioHigNs. — This is the principal constituent of 
commercial fuchsine. It is formed by oxidizing a mixture of 
aniline and toluidine : — 

CeHyN + 2 C7H9N +30 = C20H19N3 + 3 H2O. 

Experiment 78. In a dry test-tube put a little dry mercuric 
chloride and a few drops of commercial aniline. Heat over a small 
flame. Dissolve the product in alcohol, with the addition of a little 
hydrochloric or acetic acid. The beautiful color of the solution is 
due to the presence of the hydrochloride or acetate of rosaniline. 

On the large scale, the oxidizing agent used is arsenic acid. 
Care is taken to remove all arsenic acid from the product, but 
it is nevertheless sometimes found in the products obtained in 
the market. Rosaniline crystallizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hy- 
drochloric acid it fonns the salts C20H19N3.IICI and C20H19N3.3 HCl. 
The former is the substance known as /wc^sme, though some of 
the fuchsine met with in the market is the acetate of rosaniline, 
C20H19N3 .C2H4O2. Fuchsine and the other salts of rosaniline 
dye wool and silk directl}'. For dyeing cotton cloth, however, 
a mordant is necessary. 

Dyeing. Animal fibres, in general, are colored directly by 
dyes ; that is to sa}-, they have the power of forming with the 
dyes stable compounds which adhere to the fibres. This is not 
true of vegetable fibres, as cotton cloth and linen. Hence, in 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the fibres. Substances which act in this way are called 



^ 
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TOordardB. Among the substances used as mordants are alu- 
minium acetate, ferric acetate, and some salts of tin. 

Experiment 79. Make a dilute solution of picric acid by dissolv- 
ing 2K to 3« in 200«^ to 300«« water. In a portion of it suspend a few 
pieces of white yarn or flannel. The woollen material will be strongly 
died yellow. In another portion suspend a piece of ordinary cotton 
cloth. And in a third portion introduce a piece of cotton clotli which 
has been soaked in aluminium acetate and afterwards partly dried. 
The aluminium acetate may be made by treating a solution of sugar 
of lead with enough of a solution of alum to precipitate the lead, and 
then filteiing off the lead sulphate. The unprepared cotton cloth, 
when removed from the picric acid solution and washed, wiU be found 
to be only slightly colored ; whereas, that piece which was soalied in 
the mordant will be found to be strongly dyed. Similar experiments 
may be made with f uchsine. 

Among the simpler aniline dyes are the following : — 

Hofmcmr^^VioIji^. This is either the hydrochloric acid oi 
aceu^^cidsaltoftri-methyl-rosaniline. It is made by heating 
together a salt of rosaniline, methyl iodide, methyl alcohol, and 
caustic potash. 

lQ^^^^I^Qjj§l^n is the iodide of penta-methj^l-rosaniline. 

Am^^Jj^ is tri-phenyl-rosaniline, C2)Hie(CQH0)3N8, which is 
formed by heating salts of rosaniline with an excess of aniline. 

Phthaleins. 

I ^ , In speaking of phthalic anhydride, it was stated that when 

Oi'[* this substance is treated with phenols, phthaleins are formed; 

^ and, in speaking of resorcin, a markedly fluorescent body was 

mentioned as being formed when phthalic acid and resorcin are 

heated together. 

Phenol-phthalein, C20H14O4. — This substance is formed by 
treating a mixture of phenol and phthalic anyhdride with sul- 
phuric acid or^me other dehydrating agent : — 

, .^^ ^. • *'2"CaHeO + CgHA = CaoH,A + H,0. 

"V f X-^ ' Phenol. Phthalic Phenol- 



,^^ 



f V anhydride. phthaleiJi. 
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The fused mass is dissolved in caustic soda, and the phenol- 
phthalei'n precipitated by the addition of an acid. It forms a 
granular crystalline powder. Its solution in alkalies is red oil 
violet, according to the thickness of the layer. Acids destroy] 
the color. Hence it is used as an indicator in alkalimetry as a| 
substitute for litmus. 

Phenol-phthalein, like rosaniline, is a derivative of tri-phenyl- 
methane, as has been shown by the following somewhat compli- 
cated reactions : — 

The chloride of phthalic acid, or phthalyl chloride, C8H402Cla, 
when treated with benzene in the presence of aluminium chloride, 
gives up its two atoms of chlorine, and in their place takes up 
two phenyl groups, thus : — 

QHACla + 2 CeHe = CsHACCeHs)^ + 2 HCl. 

Phthalyl chloride. Diphenyl.phthalide. 

The substance thus formed is known as diplienyl-phthalide. 
Its conduct towards water and bases is such as to show that it 
is the anhydride of an acid : — 



C8H402(CeH5)2 + HaQ = CgHjOsCCeHfi)^ 

COjH 

(CeH,), 



or C7H5O I ^y 2J 



When this acid is reduced by means of zinc dust it loses 
oxygen : — 

And, finally, when the last product is distilled with baryta, it 
loses carbon dioxide and yields tri-phenyl-methane : — 

We have thus passed from phthalic anhydride tr 
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methane, and the reactions just referred to are in all probability 
correctly represented by the following formulas and equations : — 



gj^^' 



K^C 



C.H 



6**5 



I C6H4. 



" CO + ^'^ = ^ 



J 



Diphenvl.phthallde, or an- 
hydride of triphenyl-car- 
binol-carbonic acid. 

CeHa 

Cglif . COjIi 

OH 



c 



j-CoH. 

I C6H4.CO2H 



1^5x14 . C/OjjH • 
OH 

Tripbenyl-carbinol- 
carbonic acid. 



00X14 • CO2M 

H 

Triphenyl-metbane- 
carbonic acid. 



= c 



H 






+ COa. 



H 

Tri-phenyl-methane. 

Now, by making dinitro-diphenyl-phthalide, reducing it, and 
boiling the diazo compound with water, the product is phenol- 
phthalein. Hence, the latter compound appears to be the di- 
hydroxy derivative of diphenyl-phthalide : — 



Q J CgH, 
1 CgHi.CO 
U 1 



c 



C8H4.NHs 
CgH4 . NHj 

U 1 



C 



CeH« .OH 
C.H,.OH. 
I CgHi.CO 



J 



Fhenol-phthalelhi. 

The formula for phenol-phthalei'n may also be written thus : — 

C6H4 .OH ^ C6H4 ^^ 
C6H4.OH O ' 

the curious arrangement of the carbonyl group being simply the 
sign of the anhydride condition between carboxyl and hydroxyl, 
of which the simplest expression is 

^<COOH = «<io+«^- 
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Note for Student. — Although the reactions above briefly d^ 
scribed may at first sight appear to be difficult to comprehend, they 
are in reality simple enough. The student is earnestly recommended 
not to slight them on account of the long names and complex formulas 
involved. They afford an excellent example of the methods upon 
-which we rely for determining the nature of complex substances. 
Notice that all appears dark until the well-known substance tri-phenyl- 
inethane is obtained, which suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon; and how easily, when this 
conception has once been formed, the interpretation of all the reactions 
follows. 

Among the other phthale'ins which deserve special mention is 
that which is formed with resorcin. 



Fluorescein, resorcin-phthalein, G20H12O6. — This beau- 
tiflil substance is formed by simply heating together resorcin 
and phthalic anhydride : — 

2 Ce^,(OU), + CgHA = CaoHiaOi + 2 H2O. 

Its solutions in alkalies are wonderfully fluorescent. The sub- 
stance, which is sold under the name " uranin" for the purpose 
of exhibiting the phenomenon of fluorescence, is an alkaline salt 
of fluorescein. 

The reaction which takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which takes place between phenol and the anhydride to 
form phenol-phthalein. We would therefore expect' to find that 
fluorescein is expressed by the formula 



C 



CeH3 I ^« 

C«H3J^H 
CeH^.CO 

lo— » 
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which shows its analogy to phenol-phthalein, 



C 



rCeH^.OH 
CeH^ . OH 
CfiH^.CO 

o- 



J 



It is found, however, that in reality fluorescein corresponds to 
the above formula less one molecule of water ; and it is believed 
that the water is given off as represented thus : — 



fCeHa 



rOH 



o 



OH 
C«H4.C0 
O^ 



= C20H12O5. 



J 



Fluorescein. 



Eosin, tetra-brom-fluorescein, 029H8Br4O6, is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which suggests a color often seen 
in the sky at the dawn of day. Hence the name eosin^ from 
^cjs, davm. It is fluorescent, and is used as a dye. 



CHAPTER XVII. 

HYDBDOARBONS, OnHto-s, AND DERIVATIVES. 

The hydrocarbons thus far considered are of three classes. 
They are: (1) paraffins, -or saturated hydrocarbons of the 
marsh-gas series ; (2) unsaturated hydrocarbons related to 
the paraffins; and (3) hydrocarbons which contain residues 
of the saturated paraffins and of benzene. 

We now pass to a brief consideration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated par- 
affin. It bears to ethylene the same relation that toluene bears 
to marsh gas ; that is to say, it is phenyl-ethylene. 



Styrene . phenyl-ethylene, C8H8(= OfiHs.CH.OHa). — This <9 / 
hydrocarbon is contained in l iquid stora x, — a fragrant, honey- jl^-^^ 
like substance which exudes. from various plants, as the liquid- 
amber. It is formed by distilling cinnamic acid with lime : — 

C9H8O2 = CgHg -f- CO2. 

Note for Student. — What does this reaction suggest with regard 
to the relation between cinnamic acid and styrene? 

It is also formed from phenyl -ethane, C6H5.C2H5, in the same 
way that ethylene is formed from ethane : — 

CjHe -h Br2 = CgH^Br + HBr 

C2H5Br . -h KOH = C2H4 + KBr + H,0 ' 



{ 



CH, . C,H, + Brj = C,H, . CsH^Br + HBr ; 
C,H,.C,H4Br + KOH = C.Hj.CjHs + KBr + HjO. 

Styrene. 
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Its formation by heating acetylene was mentioned on p. 

4 C2H2 = CgHg. 

Note for Student. — What other polymeric product is obtained 
by heating acetylene? ^ 

Styrene is a liquid of an aromatic odor; boils at 144** to 
144.5° ; insoluble in water; miscible with ether and alcohol in 
all proportions. 

When heated alone up to 300®, or even when allowed to stand 
at ordinary temperatures, it is converted into a polymeric modi- 
fication, called 97^|gj{|2fiC2(£itt^9 which is a solid. This same change 
is readily effected by several reagents, such as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that ethylene does (see p. 212) : — 

CeH5.C2H3 + Br2 = CeHg .C2H3Br2. 

Chromic acid and other oxidizing agents convert styrene into 
benzoic acid (see remarks, p. 246). Soijje^igher members of 
this series have been prepared, such KQ^enyUpropylene^ phenyl- 
hutylene^ etc. ; but at present they ^ not of sufficient import- 
ance to make their consideratio}{^ecessary. 

Styrene is closely related to cinnamic acid, from which the 
interesting and important compounds of the indigo group are 
obtained. 

Stjrryl alcohol, 0»HioO(= OeHs.OH.CH .CH,OH). — This 

/alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also in balsam of Peru. It 
\^ forms long, thin needles, which melt at 33°. It boils at 

250°. It takes up hydrogen, and yields phenyl-propyl alcohol, 
CeHfi.CHg.CHa.CHaOH (see p. 281) : — 

Celifl.CH .011 .GH2OH -f- 0.2 ^^ CgHg .0112 .0x12 .C-HoOH. 

By treatment with hydriodic acid it yields allyl-benzene 
(phenyl-propylene), CeHg.CH.CH.CHg, and toluene, 
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When oxidized with platinum black it is converted into the 
corresponding aldehyde, cinnamic aldehyde; and, by further 
oxidation, into cinnamic acid. The relations between the three 
substances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 

« 

• CgiUjt .C-H .CH .OHaOH. ^6^5 • v^H .CH .CHO. 

Styryl alcohol. Cinnamic aldehyde. 

Kygjo-fi .Cxl .V/H .VyOgtl* 

Cinnamic acid. 

These compounds are simply the phenyl derivatives of allyl 
alcohol, acrolein, and acrylic acid : — 

C/lig '^^ .L'H20H. CH2 •CH .GHO. 0-112 .CH .C02H* 

Allyl alcohol. AcroleYn or Acrylic acid. 

acrylic aldehyde. 

Cinnamic acid is found in liquid storax, partly in the free con- 
dition, and partly in the form of an ethereal salt in combination 
with styryl alcohol, as styryl cinnamate, in the balsams of Tolu 
and Peru. It may be made synthetically : — 

1 . By heating together benzoic aldehyde and acetyl chloride : — j 

CftHa.COH + CH3.COCI = C6H5.C2H2.CO2H + HCl. T^ 

This reaction will be better understood by writing it in two 
equations : — 

(1) CeH^ .CH161 + cSiH .COCl = C,U,,Cn .CH .COCl + HaO; 

' Cinnamyl chloride. 

(2) CftH« .CH .CH .COCl + H2O = CgHg .CH .CH .COgH + HCl. 

Cinnamyl chloride. 

The kind of action represented in equation (1) is not un- 
common. We have already met with it in the formation of 
mesitylene from acetone (see p. 248) , in which case two h3'dro- 
gens from each of three methyl groups unite with an oxygen 
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atom from each of the three carbonyl groups. The product 
is called a condensation-product^ and the action is known as 
condensation. 

2. By heating together benzoic aldehyde and acetiq anhy- 
dricle : — 

CflHa.COH + (C2H80)20 = C6H5.C2H2.CO2H + C2HA. 

It is probable that the action between benzoic aldehyde and 
acetic anhydride is of the same kind as that between the alde- 
hyde and acetyl chloride. 

3. By treating benzal chloride with sodium acetate : — 

CeHfi.CHicfji -fCJHaiH.COaNa = CeHs.CH.CH.COgNa + 2HC1. 

CeHo .CH .CH .COaNa + HCl = CeH^ .CH .CH .CO2H + NaCl. 

• 

The acid is now manufactured on the large scale by this last 
method. 

Cinnamic acid is a solid which crystallizes in monoclinic 
prisms. It melts at 133°, and boils at 300° to 304°. It is 
easily broken up into styrene and carbon dioxide : — 

Cglx^ .CH .CH .CO2H = CeH.5 .CH .CH.2 -j- COa* 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinnamic or phenyl-propionic acid, C6H5.CH2.CH2.CO2H 
(p. 293). It unites with h^^drochloric, hydrobromic, and hydri- 
odic acids : — 

PheDyl-cblor-propionic 
acid. 

Treated with substituting agents, such as nitric acid, etc., it 
^kj^^^^Jj^gl^^Q^^UJIjjUIQdu^ in which the entering atoms or 
groups are contained in the benzene residue, in the ortho and 
para positions relatively to the acrylic acid residue, C2H2.CO2H. 
Bromine yields the addition-product C6H5.C2H2Br2.CO2H. 
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Nitro-cinnamic acids, OeH* { ^Jq ' ' . — The ortho- 

and para-acids are formed by dissolving cinnamie acid in nitric 
acid. 

Note for Student. — What are the products when toluene is 
treated with nitric acid? When benzoic acid is treated in the same 
way? To which case is the above analogous? 

Amido-oinnamio acids, OfiH* | -J-^^^ ' ^ . — These acids 

are formed by treating the nitro-acids with reducing agents. 
The ortho-acid loses water when set free from its salts, and 

forms the anhydride carbostyril^ CgH^ <^ ^ ^ C.OH, analogous 

to hydro-carbostyril (p. 294). 

Oounaarin, 09H6O2[=C6H4{q5?^)' ^^ * compound found 

in Tonka beans, and in some other plant-substances. It has 
been made synthetically from salicylic aldehyde and acetic anhy- 
dride, just as cinnamie acid is made from benzoic aldehyde and 
acetic anhydride. The first product of this action is probably 

{P fi coon 

which then loses water, yielding the anhydride or coumarin. 
Coumarin has a pleasant odor, like that of vanillin, and is used 
for flavoring. Treated with bases, it yields salts of coumaric 
acid. 




CHAPTER XVITI. 



PHBNYL-AOBTYLBNB AND DERIVATIVES. 

Phenyl-acetylene, acetenyl-benzene, CeHs.C.CH, bears 
to acetylene the same relation that styrene, or phenyl-ethylene, 
bears to ethylene. It is made from styrene in the same way 
that acetylene is made from ethylene : — 

(1) C2H4 + Br2 =C2H4Bra; 

(2) C2H4Bra + 2 KOH = C2H2 + 2 KBr + 2 H^O. 

CeHft.CsHs -|- Brg = CeH5.C2H3Br2; 
C6Ha.C2HJBr2 + 2 KOH = CeHfi.CjH + 2 KBr + 2 HA 

Phenyl-acetylene. 

It is a liquid which boils at 139® to 140°. It unites directly with 
four atoms of bromine, forms metalUc-^iematives, and, in gen- 
eral, c onducts itself like acety lene / which see) . 

^,- } Phenyl-propiolio acid, C9H602(= CeHs.O.C.OOaH). — This 
V'^^J^^acid is a carboxyl derivative of phenyl-acetylene, bearing to it 
^'^^ the same relation that cinnaraic acid bears to phenyl-ethylene. 

It is made from cinnamic acid, by treating brom-cinnamic acid, 

CgHg . C2HBr . CO2H, with alcoholic potash : — 

CftH5.C2HBr.CO2H = C6H5.C2.CO2H + HBr. 

It forms long needles, which melt at 136° to 137°. When 
heated with water, it breaks up into carbon dioxide and 
phenyl-acetylene . 

{C CO Hf 
NO r / » ^^ 
made from ortho-nitro-cinnamic acid, in the same way that 
phenyl-propiolic acid is made from cinnamic acid (see pre- 
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ceding paragraph). It is of special interest, for the reason 
that it can easily be transformed into indigo. The trans- 
formation is most readily effected by boiling it with alkalies 
and grape sugar, or some other mild reducing-agent. The » 

reaction is represented by the following equation : — 

2 CeH4 j S;^^'^ + H4 = CieHioNA + 2 CO, + 2 H,0. 

Ortho-nitro-phenyl- 
propioUc acid. 

The acid is at present manufactured on the large scale, for 
the purpose of making indigo. 

Ikdigo and Allied Compounds. ^ 

In several plants, Indigofera tinctoria^ I^atis tinctoria, etc., m»Jk^ 
there occurs a glucoside palled indican^ which, under the influ- ^ ^'^^ 
ence of dilufe-joiiiejftl acids and certain ferments, breaks up»^^^\%^ 
yielding indi go-hlc le and a su]2fltfnce resembling the glucoses^ ^^ 
The indigo of commerce is prepared in the East and West ^^t^ y 
/Indies, in South America, Egypt, and other warm countries. 
At the proper stage the plants are cut off down to the ground, 
put in a large tank, and covered with water. Fermentation 
takes place, the indican breaking up and yielding indigo, as 
above stated. The liquid becomes green, and then blue. 
When the fermentation is finished, the liquid is drawn off 
into a second tank. This liquid contains the coloring-matter 
in solution. In contact with the air it is oxidized, forming 
indigo, which, being insoluble, is thrown down. In order to 
facilitate the precipitation of the indigo, the liquid is thoroughly 
stirred. Finally, the liquid is drawn off, the precipitated indigo 
pressed and dried, and then sent into the market. 

The substance prepared as above has a dark-blue color. It 
contains other coloring-matters besides indigo-blue. Its value 
depends upon the amount of the definite compound, indigo-blue, 
which it contains. 
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Indiffo-blue, indiffotin, C16H10N2O2. — Indigo-bloe is ob- 
taiued from commercial indigo by reducing it to indigo-white, 
and then exposing the clear colorless solution to the air, when 
indigo-blue is precipitated. 

Kxperiment 80. Into a test-tube put a small quantity of powdered 
indigo; add fine zinc filings or zinc dust and caustic soda. When the 
mixture is heated the indigo forms a colorless solution. When this 
result has been reached, pour some of the solution into a small evapo- 
ratlng-dish. Contact with the air colors it blue. 



W. 



Indigo-blue may be made artificially by a number of methods, 
among which the two following are the principal ones : — 
!f,'y> 1 . By boiling ortho-nitro-phenyl-propiolic acid (which . see) 
^ ' with an alkali and grape sugar: — 

2C«hJ t*- "^ + 4H = CieHioNA + 2 H,0 + 2 CO,. 



^^^^l 



^^i. By heating isatlne (which see) with phosphorus trichlo- 
ride, phosphorus and acetyl chloride. 

Without going into the mechanism'ybr these reactions, we see 
that there are two general ways of ootaining indigo artificially. 
The first starts from cinnamic acidr, which is successively con- 
vei'ted into ortho-nitro-cinnamic acid and ortho-nitro-phenyl- 
propiolic acid ; the second starts from benzoic acid, which is 
converted into ortho-nitro- and cytho-amido-benzoic acids. The 
latter is then converted successiFel3' into the chloride, cyanide, 
and corresponding acid, the anhydride of which is isatine. For 
fuller details of the reactions involved in the formation of ortho- 
nitro-phenyl-propiolic acid, se^ p. 328 ; and for similar details 
in regard to isatine, see p. 280. As has been stated, indigo is 
now manufactured on the lpft*ge scale by the first of the two 
methods above given. V 

Indigo-bliie crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Its vapor has a purple-red 
color. It is insoluble in water, alcohol, and ether ; soluble in 
aniline and chloroform. Oxidizing agents convert it into isa- 
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tine (which see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline ; boiled with a solution 
potash and finely-powdered black oxide of manganese, 
converted into ortho-amido-benzoic acid (anthranilic 
p. 289). __ 

A great many compoundspelated to indigo have"^been made, 
of late years, incidentally tojthe study of its chemical conduct. 
The synthesis of indigo hag been effected, as a result of this 
study. The work undertake n was suggested by the few funda- 
mental facts, above stated, t lat indigo when decomposed readily 
yields aniline and ortho-ai lido- benzoic acid. The question 

leavored to answer is. What rela- 
tions do indigo-blue and tie compounds allied to it bear to 
ortho-amido-benzoic acid? lAlthough, as far as indigo-blue is 
concerned, this has proved t* be a difficult question, to which a 
definite answer is still lack ng, as far as some of the simpler 
derivatives are concerned it las been answered. Two of these, 
oxindol and isatine, have I sen considered in connection with 
the simpler compounds, to \ hich they are most closely related. 
A few others will here be mlntioned. 

Indigo-white, O16H12N2O2, is formed by reduction of indigo- 
blue, as above described. Its solutions rapidly turn blue in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, C8H5NO2, 

IS formed : - (..eHjoN A -f O^ = 2 C^H.NO^. 

♦ 

When isatine is treated with sodium amalgam, it takes up 

hydrogen, and yields dioxindol^ C8H7NO2: — 

CgHsNOa + H2 = CsHyNOa. 

Isatiae. Dioxindol. 

B}' further reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol^ CgHyNO : — 

C8H7NO2 + H2 = CsH^NO + H2O. 

Dioxindol. OxindoL 
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The relations between oxindolland isatine cannot readily be 
made clear without a careful stiiiy of some very complex re- 
actions. 

It would also lead too far and 1 ^e unprofitable to discuss here 
the constitution of indigo-blue i self. Suffice it to say, that 

doubled group very similar 



it has been shown to consist oj 
to that of oxindol. 



q; 



CHAPTER XIX. 

HYDROCARBONS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 

Just as the marsh-gas residue, methyl, CHg, unites with methyl 

CH3 
to fonn ethane, I , so the benzene residue, phenyl, CgHa, 



CH 



8 C^Hg 



unites with phenyl to form the hydrocarbon, diphenyl, I , and 

similar residues of toluene, and the higher members of the series 
unite in a similar way to form homologues of diphenyl. 

Diphenyl, Ci2H,o(=C6H5.C6H5). — This hydrocarbon is made J^j^^dk 
by treating brom-benzene with sodium : — ' 

2 CftHfiBr + 2 Na = C12H10 + 2 NaBr ; 

and by conducting benzene through a tube heated to redness : — 

2 CgHg = C12H10 + Hg. 

It forms large, lustrous plates. It melts at 70.5°, and boils 
at 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance- It resists the 

action of ordinary oxidizing agents, but with strong ones it 

yields benzoic acid. A large number of derivatives of diphenyl 

have been studied. A curious one, known as car6ggjjZ, occurs 

in coal tar. This has been shown to be a substituted ammonia 

containing a residue of diphenyl. It is properly designated by 

the name diphenyl-imide, and is represented by the formula 

CgH^ 

• > NH. It has been made synthetically by passing the vapor 

of diphenyl amine, NH ] ^fi"^, through a red-hot tube, a reaction 



i 
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taking place which is analogous to that mentioned above as 
taking place when benzene is treated in the same way, the 
product in the latter case being diplienyL 

Naphthalene, GioHs. — While the relations of diphenyl to 

benzene are clearly shown by its simple synthesis from brom- 

benzene, the relations of naphthalene to benzene have been 

discovered through a careful study of its chemical conduct. 

The facts can be best interpreted by assuming that the molecule 

of naphthalene is formed by the union of two benzene residues 

in such a way that they have two cai*bon atoms in common, as 

represented in the formulas 

H H 

HC^CH-C-CH-CH HC^ ^C^ ^CH 

I I I and I I i • 

HC-CH-C-CH-CH HCv^ /C>^ /CH 

H H 

How this conception was formed will be shown belOw, after 
the properties and the reactions of naphthalene shall have been 
considered, 
j Naphthalene is a frequent product of the heating of organic 
substances. Thus, it is formed by passing the vapors of alco- 
ether, acetic acid, volatile oils, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and is sometimes found in gas-pipes used for gas made by 
heating naphtha, gasoline, etc., to high temperatures. It has 
been made synthetically by conducting phenyl-butylene bromide 
over highly-heated lime : — 

C6H,.C4H7Br2 = C4H4.C2.C4H4 + H2 + 2HBr; 

and by conducting isobutyl-benzene over lead oxide : — 

CeH5.C4Hg -|- Os ^ C4H4.C2.C4H4 + 3 H2O. 

Neither of these reactions, however, is of mueh assistance 
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in enabling us to form a conception in regard to the nature of 
naphthalene. 

Naphthalene is prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 220°. This material 
is treated with caustic soda, and then with sulphuric acid, and 
distilled with water vapor. 

It forms colorless, lustrous, m^oclinic plates. It melts at 
79.2°, and boils at 216.6°. It has a pleasant odor; is volatile 
with water vapor, and sublimearreadily. It is insoluble in water; 
easily soluble in boiling alco^l, from which it may be crystal- 
lized. Oxidizing^ agents/convert it into phthalic aiad (see 

Exp. 74). ^ ^e4r TirvixK^ 

The ease with which naphthalene yields phthalic acid, sug- 
gests that the hydrocarbon is probably a ^l^dfi*'^^*'^""" ^^ K^^'^^n^ 
^^Utiflf "^'^C fnrr ^j^rfirnrl^ftn y'^fl'^"^^ ; such, for example, as is 

* '. Such a substance, how- 

ever, contains unsaturated paraffin residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition-products of benzene than 
the addition-products of the unsaturated paraffins. They break 
up readily, and yield stable substitution-products of naphtha- 
lene ; and, further, the first product of the action of bromine 
on naphthalene is not an addition-product, but mono-brom- 
naphthalene, CioHyBr, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
seen that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, for example, styrene or phenyl- 
ethylene, C6H5.C2H3, and phenyl-acetylene, C6H5.C2H, when 
treated with bromine or hydrobromic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
take up bromine with avidity before substitution of its hydrogen 
takes place. 
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{C H 
r;* ' and similar ones being thus rendered 

extremel}' improbable, the next thought that suggests itself is 

that the two groups CaH^ may be united, as represented in the 

( CH .CH 
formula C-H. J I . Assuming, further, that the two groups 

^CH.CH 

are united to two carbon atoms of the benzene residue which 

are in the ortho relation to each other, we may write this same 

formula thus : — 

H 

HC^ ^C-CH-^CH 

I I I 

HCv /C-CH-CH 

H 

or, what is the same thing, — 

H H 

HC^ "^C^ ^CH 

I I I 

HO V / ^ \ / OH 

^c c 

H H 

This formula represents naphthalene as made up of two 
benzene residues united in such a way that the}^ have two 
carbon atoms in common. This, as has been stated, repre- 
sents the hypothesis at present held in regard to the nature of 
naphthalene. 

As regards the assumption that the two residues are united 
through carbon atoms which are in the ortho position relatively 
to each other, it should be said that this assumption is made 
hft(»ftiisft phthalin fini d is the product of oxidation ; and the facts 
already considered have shown us that terephthalic acid must 
be represented by the formula 
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COjH 

I I 

HCv /CH 

COM 



and isophthalic acid by 

COjH 

I I 

HCx /CCO3H 

H 

and hence, in terms of the accepted hypothesis, the third pos- 
sible formula must be given to phthalic acid ; viz., — 

H 

HC^ ^C.COaH 

I I 

HCv /C.CO2H 

H 

Are there any facts besides the few above mentioned which 
make the hypothesis appear probable ? 

There is an ingenious and interesting line of reasoning which 
appears to show that the fundamental notion involved in the 
above formula for naphthalene is true. This fundamental notion 
is that the hvdrocarbon consists of two benzene residues which 
have two carbon atoms in common. The facts which lead to 
this conclusion are the following : ■ — 

When nitro-naphthalene is oxidized it yiehis nitro-phthalic 
acid. This shows that the nitro group is contained in a 
benzene residue ; and we may represent it by the formula 
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{C H 
^ *, the oxidation taking place as indicated thus : — 

C.H3.NO,} ^^« + 90 = C,H3.N0,{ ^^^JJ + UjD + 2C0,. 

By reducing this same nitro-naphthalene, amido-naphthalene 
is obtained; and, when this is oxidized, phthalic acid is 
formed : — 

CeH, { C2H.NH,_^i20 = CeH, J ^^^ + 2CO,+HN03+HA 

These two reactions show (1) that the part of nitro- naphtha- 
lene in which the nitro group is situated is a benzene residue ; 
(2) that there is another benzene residue in the compound into 
which the nitro group has not entered. 

It has been noticed, also, that by oxidation of a naphthalene- 
sulphonic acid, both sulpho-phthalic and phthalic acid itself are 
obtained. 

It follows, from these facts, that naphthalene is made up of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula CioHg can be thus made up, is by having two 
carbon atoms common to the two residues, as represented in 
the formula already given. It cannot be made up thus : — 

H 

I I I 

HC V / C V. / CH 

c ^C 

H H 

H 

nor thus : — II | 

HC^ .CH XH 

^C^^- C^ 

H 

for neither of these formulas expresses the fundamental idea of 
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the presence of two benzene residues in the same molecule. 
The ouly formula which expresses this idea in terms of the 
commonly accepted hypothesis for benzene is 

H H 

HC^ "^C-^ ^CH 

I II 

c c 

H H 

The proof just given for this formula is independent of any 
notions regarding the ortho, meta, and para relations in 
benzene. As phthalic acid is the product of oxidation, it 
follows that the carboxyl groups in the acid must bear to each 
other the relation expressed by the formula 

H 

I I 

HCv /C-COaH 

H 

and, therefore, that in all ortho compounds the substituting 
groups bear this same relation to each other. Hence, by start- 
ing with the notion that the above formula represents phthalic 
acid, — and to this notion, it must be remembered, we are led 
independently of any facts connected with the formation of the 
acid from naphthalene, — the accepted formula of naphthalene 
follows naturally. And, on the other hand, we are led, by a 
study of naphthalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 

Derivatives of Naphthalen e. ^/w6- '^«t> ^^- 

An interesting fact which has been discovered by a study of 
the mono-substitution products of naphthalene is this, — that 
two, and only two, varieties are known. There is an a- and 
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a )9-chlor-naphthalene, an a- and a ^-brom-naphthalene, etc., 
etc. This fact is quite in harmon}" with the views held 
regarding the constitution of naphthalene, as will readily be 
seen by examining the formula somewhat more in detail. 
We see that there are two, and only two, kinds of relations 
which the hydrogen atoms bear to the molecule ; all those 
marked with an a being of one kind, and all those marked 
with a p being of another kind : — 

aH aH 



I I 

/8HCv /Cv yCRp 
C C 

aH aH 

Here, again, a problem presents itself like that which was 
considered in connection with the bi-substitution products of 
benzene. Our theory gave us three formulas, and three com- 
pounds are known. The problem was, to determine which 
formula to assign to each compound. Here we have two 
formulas for two brom-naphthalenes and other mono-substi- 
tution products of naphthalene, and we actually have two 
compounds ; and the question arises, which of the two 
formulas must we assign to a given compound? The 
method adopted is simple, and can be explained in a few 
words. That nitro derivative of naphthalene which is known 
as a-nitro-naphthalene yields nitro-phthalic acid by oxida- 
tion ; and the relation of the nitro group to the carboxyl 
groups, in this acid, has been determined. It is expressed 
by the formula 



NO 



'2 



I I 

HC. /C-COsH 

c 

H 
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while the formula of the other nltro-phthalic acid is 

H 

I I 

HCv /C-CO2H 

H 

Formula II. 

As a-nitro-naphthalene yields the acid of formula I., it fol- 
lows that in it the nitro group must occupy the position of one 
of the h3'drogen atoms marked a in the above formula for naph- 
thalene. Those substitution-products of naphthalene which 
belong to the same series as a-nitro-naphthalene are called a 
derivatives. In the P compounds the substituting group or 
atom must occupy the place of one of the hydrogen atoms 
marked /8. 

Among the derivatives of naphthalene are the following : -^- 

Naphthoi'o acid, C10H7.CO2H, which bears to naphthalene 
the same relation that benzoic acid bears to benzene. 

a-Naphthol, C10H7 .OH. — This compound is made from naph- fAt o 
thalene in the same way that phenol is made from benzene : — ""^ s 

1. By treating a-naphthyl-amine, CioH7.NH2, with nitrous 
acid. 

Note for Student. — Write the equations. 

2. By melting a-naphthalene-sulphonic acid with caustic 
potash. 

Note for Student. — Write the equation. 

o-Naphthol is a solid which melts at 96°. It has an odor 
somewhat resembling that of phenol. I fe generaL j^bfttoiggil i 

conduct is much like that of phenol. Toward oxidizing J 

agents, however, its action is peculiar. Thus, when boiled 
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with potassium chlorate and hydrochloric acid, a di-chlorine 
substitution-product is formed ; and at the same time a 
second oxygen atom enters, and the product has the char- 
acteristics of the quinones (which see). It is di-chlor- 
naphtho-quinone. It will be remembered that ordinary 
quinone is formed by the oxidation of hydro-quinone, a di- 
hydroxyl derivative. 

Some of the substitution-products of naphthol are used as 
dyes; as, for example, dinitro-naphihol^ CioH5(N02)20H, 
which is known as Martius's Yellow; dinitro- naphthoic 
aalphonic add^ CioH4(N02)2(S08H).OH, the potassium salt 
of which, K2C10H4N2SO8, is known as Naphthol Yellow S. 
With diazo compounds, naphthol has a remarkable power of 
combination ; and a great many derivatives containing resi- 
dues of diazo compounds, and of naphthol or its substitution- 
products, have been made,- and some of them have found 
application as dyes. The simplest compound of this kind is 
formed by bringing together naphthol and diazo-benzene 
nitrate : — 

CioH^.OH -I- C6H5-N2-NO3 = CioHe { ^|^^«^« + HNOs. 

It is called naphthol-diazo-benzene. The dye known as Poir^ 
Her* 8 Orange II, is a sulphonic acid of naphthol-diazo-benzene, 
and is probably formed by treating diazo-benzene-sulphonic acid 
with naphthol. 



} 



> f. 



^ Naphtho-quinone, C10H6O2. — This compound is obtained 

•'*••" by oxidizing naphthalene with chromic acid; also by oxidiz- 

' ing a-amido-a-naphthol and other di-substitution products of 

naphthalene in which the two substituting groups are in the 

para position relatively to each other. It bears to naphthalene 

the same relation that ordinary quinone bears to benzene ; that 

is, it is naphthalene in which two hydrogen atoms are replaced 

by two oxygen atoms. 

It forms yellow needles, which melt at 126°. Like ordinary 
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quinone, it is volatile with water vapor. Hydriodic acid con- 
verts it into hydro-naphtho-quinone : — 

C10H6O2 -f- H2 = CioHe(OH)2. 

Note for Student. — Compare with the action of reducing agents 
on ordinary quinone. 

Di-hydroxy-naphtho-quinone, CioHijL ^^ is a dye 

known by the name 7iagjijAagjjj22' ^^ account of its resem- 
blance to aliTiann (which see) . 

TwgJ)y0tt4i0tt£ftU2LjUfibtb8^ — methyl- and ethyl-naph- 
thalene — have been prepared. )8-Methyl-naphthalene has been 
found in coal tar. 

QUINOLINE AND ANALOGOUS COMPOUNDS. 

It has been stated, that, by distilling quinine and cipchonine 
with caustic potash, pyridine and some of its homologues are 
obtained. At the same time a base belonging to another series 
is formed, together with some of its homologues. This base is 
known as quindUne^ to suggest its formation from quinine. It 
has the composition expressed by the formula C9H7N. The next 
two homologues of quinoline are lepidine, C10H9N, and dispo- 
line, CuHuN. Three bases, isomeric with the three named, 
have been found in coal tar. These are known as leucoline, 
iridoline, and cryptidine. We thus have the two series : — 
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Quinoline . 
Lepidine 
Dispoline . 



BASES FROM COAL TAR. 

C9H7N . . . Leucoline. 
C10H9N . . . Iridoline. 
CuHiiN . . . Cryptidine. 



Quinoline, O9H7N. — Quinoline is formed by the distillation 
of quinine, cinchonine, or strychnine, with caustic iX)tash. It 
is formed from certain derivatives of benzene. 
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1. By passing allyl-aniline over heated lead-okide : — 

CflH, . NH . CgH, = C9H7N + 4 H. 

2. By heating together glycerin, aniline, and nitro-benzene : — 

(1) CeH^.NO^ + CaHfiOa = C9H7N + 3 H^O -f O^; 

(2) CeH,NHa + CsHgOa = Cja^N + 3 H^O + H^ ; 

(3) 2CeH5NH8 -f- CeH^NOj + SCjaifis = SCJHyN + 11 H,0. 

3. From di-chlor-quinoline : — 

C9H5CI2N + 4 H = C9H7N + 2 HCl. 

The last method is the most suggestive, as it leads to a defi- 
nite view in regard to the relation between qninoline and ben- 
zene. Di-chlor-quinoline is made b}' treating hydro-carbostyril 
with phosphoruspentachloride. Hydro-carbostyril is the anhy- 
dride of ortho-hydro-cinnamic acid. This relation is partly 
expressed by tne formula : — ^ t-t /^<^» 

HC-^ "^C^ ^CHs 



^K /^\ y^^ 

H H 

The transformation of hydro-carbostyril into di-chlor-quino- 
line takes place easily ; and the reaction can be best interpreted 
by assuming quinoline to be made up thus : — 

H H 

HC^ "^C^ "^CH 

I I 



HCv /^\ yCH 

H 

Quinoline is thus regarded as formed from the union of a 
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residue of benzene and a residue of pyridine, in the same way 
that naphthalene is believed to be formed from two residues of 
benzene. The formula suggests the existence of two isomeric 
quinolines, in one of which the nitrogen is in the a position, as 
represented in the above formula, while in the other it is in 
the )8 position. The bases from the alkaloids belong to the 
a series ; those from coal tar belong to the 13 series. 

Quinoline is a liquid which boils at 237°. Potassium perman- 
ganate converts it partially into fiinnh^n^prnmV Qo\r{^ C7H5NO4. 

This is a pyridfne'dicarbonic add^ C5H3N(C02H)2. The for- 
mation of this acid is analogous to that of phthalic acid formed 
by oxidizing naphthalene. • 

Qu inoline readily takes up hydrogen, forming hvdro-quinoli ne. j^ 
n^TT^N- An(\ fMra-h/i irJxQTJluimlW ^ C^ uN' Th|)«^ as well as 

thejjjdroe^ addition^pfodLu^ts of pyridine^arebelievedHkp exist 
in the^JlrakriiJs^^?etra-hydro-qui3i©li^^ been'fcmud in the 
crud^^uinoliE^^obiained by dist|)J4^ cinchonine with caustic 
soda. 

Many derivatives of quinoline have been made. Substitution- 
products are obtained by treating nitro-products of substituted 
benzene with gl3'cerin and aniline. 

A sulphonic acid is obtained by treatment of quinoline with 
sulphuric acid. From this, hydroxy-quinoline, C9Ho(OH)N, has 
been obtained. Hydroxy-quinoline, like quinoline itself, takes up 
hj'drogen, forming tetra-hydro-hydroxy-qumolme, C9H10.OH.N. 
Finallj', by treating this compound with methyl iodide, methyl 
is introduced, and a product obtained which is called hydro- - 
methoxy-quinoline : — 

CgHuON -f CH3I = CjoHigNO + HI. 

This substance resembles quinine, and its hydrochloric acid 
salt is used in medicine to some extent as a substitute for 
quinine. The salt is known as kc^ru^ 



CHAPTER XX. 

HYDROCARBONS OONTAINING TWO BENZENE 
RESIDUES INDIRECTLY COMBINED. 

DiPHENYL and naphthalene have been shown to consist of two 
benzene residues in direct combination. Diphenyl-methane is 
an example of a hydrocarbon consisting of two benzene resi- 
dues in indirect combination, C6H5.CH2.CeH0. As diphenyl- 
methane is closely related to toluene, it was considered in 
connection with the hydrocarbons of the benzene series. 
There are some hydrocarbons which have been shown to 
consist of two benzene residues united by means of resi- 
dues of unsaturated paraffins. The most important of these 
is the well-known anthracene. 

Anthracene, CuHio. — Anthracene is formed under condi- 
tions similar to those which give rise to the formation of 
naphthalene, especially'' by heating organic substances to a 
high temperature, and is hence found in coal tar. 

It has been made synthetically from benzene derivatives 
by a number of methods : — 

1. By passing benzyl-toluene, CeH^ . CH2 . Cift . CHg, over 
heated lead oxide : — 

C14H14 + 20 = C14H10 "t" 2 HgO* 

2. By heating benzyl-phenol with phosphorus pentoxide : — 
2CeU,.CU,.C,U^{0lL) = C,JI,o + CeJ^ -j- CeHsCOH) + H2O. 

3. By heating ortho-brom-benzyl bromide with sodium : — 

2C6H4 j^^^f'' -h 4Na = ChHio -f 4NaBr + 2H; 

( Br(o) 
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= CeH^I^^JCeH^ + 4 NaBr + 2 H. 

Anthracene is prepared in large quantity from those portions 
of coal tar which boil between 340° and S60°. The distillate 
is redistilled, and that which remains in the retort after the 
temperature has reached 350° is crystallized from xylene. It 
is then crystallized from alcohol, and finally sublimed. It is 
difficult to get it in perfectly pure condition. The color may 
be removed by dissolving the substance in benzene, and expos- 
ing it to direct sunlight. It forms laminae, or monoclinic plates, 
which are fluorescent. It melts at 213°, and boils above 360°. 

Anthracene takes up hydrogen, forming di-hydro-anthracene^ 
C14H12, and Tiexa-Jiydro-anthracene^ C14H16. It takes up bromine 
and chlorine, forming first addition-products, and then substi- 
tution-products. 

Oxidizing agents convert anthracene into anthra-quinone, 
C14H8O2, just as they convert naphthalene into naphtha- 
quinone. 

The formation of anthracene from ortho-brom-benzyl-bro- 

mide (see above) furnishes strong proof in favor of the view 

that anthracene consists of two groups, C6H4, united by the 

group C2H2; thus, C6H4 . C2H2 . C6H4. It hence appears as a 

diphenylene^ derivative of ethane, C2H2(C6H4)2, analogous to 

diphenyl-ethane, €2114(06115)2. This conception may also be 

expressed thus: — 

H H 

III I 



HC V y C — C/H — ^ \ / CH 

H H 

This is the formula commonly accepted for anthracene. It is 

1 Phenylene == C^^^. 
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in harmony with a large number of facts, and has been an 
efficient aid in investigations on anthracene and its derivatives. 

Anthraquinone, OuHaO/ = OsH* < ^^ > OeHt j . — Anthra- 
quinone is formed by direct oxidation of anthracene : — 

^U^W + 03 = C14H8O2 + H2O. 

The simplest synthesis of anthraquinone that has been ef- 
fected consists in distilling calcium phthalate. It is believed 
that the reaction which takes place is analogous to that which 
takes place when the calcium salt of a monobasic acid is distilled. 
As is well known, in the latter case a ketone containing one 
carbonyl group is formed ; and it is believed that the product 
formed in the distillation of calcium phthalate contains two 
carbonyl groups, and that it is a representative of a class of 
bodies which may be called diketones. The subject of diketones 
was briefly discussed under the head of Quinones (which see) . 
The equation representing the formation of anthraquinone from 
calcium phthalate is here given : — 






COi^Tca 
COO 



= C^<QQ>Ce^, + 2CaC03. 



Experiment 81. Dissolve lOK commercial anthracene in 50«5 to 
75CC glacial acetic acid. Add 20« powdered potassium bichromate. 
Boil until the solution is dark green, and then add water. Anthra- 
quinone is precipitated. Filter off, wash, dry, and sublime. 

Anthraquinone forms rhombic crystals. It sublimes in yellow 
needles ; is insoluble in water, but slightly soluble in alcohol 
and ether. It is an extremely stable compound, resisting the 
action of alcoholic potash and oxidizing agents. Melted with 
solid potassium hydroxide, it yields benzoic acid : — 

C14H8O2 -h 2 KOH = 2 C7H AK ; 

CO 
C6H4 < ^^ > CeH^ -f 2 KOH = 2 CeH, .COOK. 
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Reducing agents convert it successively into oxanthranol, 
Ci4Hio02, anthranol, C14H10O, and anthracene^ C14H10. These 
changes may be represented thus : -^ 

CeH, < ^^ > CeH, + H, = CeH, < ^ ^^^^ > CcH, ; 

Oxanthranol. 

CeH«< ^JJ(^H) >CeH« + H, = C^Yl^< , . >Q^^ + HjO; 
^" CH 

Anthranol. 

G^4< S^^^^ >^^^ + ft = G^4< I >^^. + ftO. 
^ CH 

When heated with zinc dust, it yields anthracene. A great 
many derivatives of anthraquinone have been made. Among 
the best known are the hydroxyl derivatives, some of which 
are much-prized dyes which are manufactured in great quan- 
tities. 

The hydroxyl derivatives of anthraquinone may be made by 
melting either the bromine derivatives or the sulphonic acids 
with caustic potash. 




Di-hydroxy-anthraquinone, 
Alizarin is the well-known dye which is obtained from madder 
root. The substance found in the root is ruherythnc acid^ a 
glucoside of the formula C20H22OU. When this is treated with 
dilute acids or alkalies or ferments, it is decomposed, yielding 
alizarin and a glucose : — 

C20H22O11 = C14H8O4 -f- C6H12O0 + H2O. 

Alizarin. Glucose. 

It is formed by melting dichlor- or dibrom-anthraquinone or 
anthraquinone-disulphonic acid with caustic potash : — 

Ci4H602(S08K;)2 -f 2 KOH = Ci4H302(OH)2 -t- 2 KaSOs. 

Alizarin is now manufactured from anthracene on the large scale, 
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and large tracts of land which were formerly ased for culti- 
vating madder are now used for other purposes. 

Experiment 82. Dissolve 208 anthraquiuone in a small quan- 
tity of fuming sulphuric acid, heating gradually to 160°. Dissolve the 
product in a litre of water. Neutralize with finely-powdered chalk ; 
filter. Precipitate with a solution of sodium carbonate ; filter ; and 
finally evaporate to dryness. The salt thus obtained is impure sodium 
anthraquinone-disulphonate. In a silver (or iron) crucible melt this for 
half an hour, with potassium hydroxide, at a temperature not above 
270^. The formation of alizarin, during the melting of the salt with 
caustic potash, is shown by the darlc-purple color of the mass. When 
a little of this is dissolved in water, it should form a beautiful purple- 
red solution. Continue the melting until the mass acts in this way. 
Dissolve the mass in |^ to 1^ water, and acidify. Alizarin is thrown 
down in brown amorphous flakes. Filter ofi*, dry, and sublime between 
watch-slasses. 



O' 



Alizarin fonns red needles, which melt at 289® to 290®. It 
dissolves in alkalies, forming dark purple-red solutions. When 
heated with zinc dust, it yields anthracene. It was this reaction 



which gaveme first^ clue to ^^f^ V ift^ltfg ^^ alizarin, and IpH. r^u 
aucr,*tQ[its synt l i e s i^ 

>ome compounds, isomeric with alizarin, and also derived 
from anthracene, are known. 




Tri-hydroxy-anthraquinone, 
Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It may be made by melting alizarin-sul- 
phonic acid with caustic potash, and also by melting tri-brom- 
anthraquinone with caustic potash. 

Aijthr^urj?Jurin/ isop)irpurin, Cf{H^O^OB.)s, isiound m 
artificial^aliz$ei-in. '' 

Phenanthrene, OuHio, which is isomeric with anthracene, is 
also found in the higher boiling parts of coal tar. The chemical 
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conduct of this hydrocarbon has led to the conclusion that it 
consists of two benzene residues directly united, as in diphenyl, 
CcHfi— CgHs ; and that a further connection between the benzene 
residues is established through a group — CH = CH — , thus 
giving as the expression of the structure the formula 

CeH4 — C6H4 
I I . 

CH = CH 



J 



CHAPTER XXI. 

GLUOOSIDBS, ALKALOIDS, ETC. -CONCLUSION. 

Under the head of the sugars, reference was made (see p. 
178) to a class of bodies called glucosides, which occur in 
nature in the vegetable kingdom. These bodies break up 
under the influence of dilute acids or ferments into sugar and 
other bodies. Thus, salicin breaks up, according to the equa- 

*^^° CeH4(OH)CH2(OC6Hn05)+ H^O 

= CcIIiaOe + C6H4(OH)CH20H 

Dextrose. Salicylic alcohol. 

into dextrose and salicylic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

Aesculin, C15H16O9 + li H2O, occurs in the bark of the 
horse-chestnut tree (Aesculus Hippocastanum) . It breaks up 
into dextrose and aesculetin : — 

CisHieOg + H2O = CfiHisOe + C9H6O4. 

Aesculin. Dextrose. Aesculetin. 

Its water solution shows blue fluorescence. 

Amygrdalin, CaoHjTNOn + 3 H2O, occurs particularly in bit- 
ter almonds ; also, in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, which is an aqueous 
extract of almonds, amygdalin is broken up in benzoic alde- 
hyde, hydrocyanic acid, and dextrose : — 

CaoH^^NOu 4- 2 H2O = CyHeO + CNH + 2 CeHijOa. 

Tannins. — Under this head are included a large number of 
substances, some of which are glucosides. They all give either 
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a blue or a green color with ferric salts. They have a bitter, 
astringent taste ; are precipitated by solutions of gelatin ; pre- 
cipitate solutions of metals, and absorb oxygen in alkaline 
solution. They also unite with animal membranes, forming 
compounds which resist the putrefactive forces, thus tanning 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breaks up into gallic acid 
and glucose. 

Helicin, CisHieOr + i H2O, is formed by the oxidation of 
salicin (which see) . It has also been made artificially by mix- 
ing an alcoholic solution of acetochlorhydrose with the potassium 
compound of salicylic aldehyde : — 

CflHyClOaCCgHgO)^ H- C7H5O2K -h 4C2H6O 
= CigHigOy + KCl 4" 4 C2H5 .C2H3O2. 

Acetochlorhydrose is formed by heating dextrose with an 
excess of acetyl chloride. 

Helicin breaks up into dextrose and salicylic aldehyde. 

Indican, CaeHaiNOir, occurs in woad. It yields, among 
other products, dextrose and indigo blue : — 

CjJIgiNOiz + 2 H2O = 3 CeHioOe + CgH^NO. 

Indigo blue. 

Myronio acid, O10H19NS2O10, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosin, which is contained in the aqueous extract of white 
mustard seed, potassium myronate is converted into dextrose, 
allyl mustard oil, and potassium bisulphate : — 

CioHiaNSAoK == CeHagOe + CgHs.NCS + KHSO4. 

Salicin, CisHisOt, occurs in willow bark, and in the bark and 
leaves of poplare. Its decomposition into salicylic alcohol and 
dextrose has been referred to (see preceding page). 
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Saponin, G32H54O18, is found in soap root (Saponaria offici- 
nalis) . Its water solution forms a lather like that formed by 
soap. This property is frequently utilized for the purpose of 
giving to " soda water " the appearance of effervescence. 

Alkaloids. 

The alkaloids are compounds occurring in plants, frequently 
constituting those parts of the plants which are most active 
when taken into the animal body. They are hence sometimes 
called the active principles of the plants. Many of these sub- 
stances are used in medicine. As regards their chemical char- 
acter, they are basic in the sense that ammonia is basic ; they 
contain nitrogen, and form salts, just as ammonia does, i.e., by 
direct addition to the acids. These and other facts lead to the 
belief that the alkaloids are related to ammonia — that they are 
substituted ammonias. Recently it has been shown that several 
of the alkaloids are related to pyridine (see p. 307) and quino- 
line (see p. 343). Only a few of the more important alkaloids 
need be mentioned here. 

Alkaloids of Peruvian Bark, 

Quinine, C2CH24N.2O2 + 3 H2O. — This valuable substance is 
obtained from the outer bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relation to 
pyridine and quinoline has led to a large number of investiga- 
tions on the derivatives of these two bases, and it is probable 
that before long it will be possible to make quinine synthetically 
in the laboratory. 

The salts of quinine are formed by direct addition of the base 
to the acids. Thus, we have 

Quinine hydrochloi'ide . C20H24N2O2 . HCl ; 
Q^inine nitrate .... C20H24N2O2 . HNOg ; 
Qainine sulphaite . . . C20H24N2O2.H2SO4, etc.. etc 
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Oinohonine, O19H22N2O, cinchonidine, C19H22N2O, and 

other bases occur with quinine in Peruvian bark. 

Cocaine, O17H21NO4, is found in cocoa leaves (JErythroocylon 
coca) . Very little is known regarding its chemical nature. Its 
hydrochloric acid salt, C17H21NO4.HCI, has recently come into 
prominence in medicine, owing to the fact that a small quantity 
of its solution placed upon the e^e causes insensibility to pain. 

Nicotine, OjoHuNg, occurs in tobacco leaves in combination 
with maUc acid. Potassium permanganate converts it into 
nicotinic acid, which is one of the possible pyridine-monocar- 
bonic acids. 

Alkaloids of Opium, 

Opium is the evaporated ^p which flows from incisions in 
the capsules of the white poppy {Papaver somniferurti)^ before 
they are ripe. The two principal alkaloids contained in opium 
are morphine and narcotine. 

Morphine, C17H19NO3 + H2O, is a crystallizable solid which 
is diflScultly soluble in water, alcohol, and ether. When de- 
composed, it yields pyridine, trimethyl- amine, and phenanthrene, 
together with other products. 

Narcotine, C22H23NO7, has been shown to contain three 
methyl groups, which are split off, as methyl chloride, when 
the substance is heated with hvdrochloric acid. 

Piperine, C17H19NO3, is contained in black pepper. When 
treated with alcoholic potash, it breaks up into piperidine and 
piperic acid : — 

CoyHiaNOg + H2O = QHuN -f- C12H10O4. 

Piperidine. Piperic acid. 
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Piperidine, O5HUN, which, as just stated, is formed by the 
decomposition of piperine, has been made synthetically by treat- 
ing pyridine with nascent 113'drogen : — 

C5H5N + 6 H = C,HuN. 

Pyridine. Piperidine. 

It may therefore be called hexa-hydropyridine (see p. 309) . 

Strychnine, OaiH-N^Oa, andbruoine, CasHaeNaO* + 4 H2O, 
are two alkaloids which occur in mix vomica. 



In the animal body occur a large number of complicated sub- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins, caseins, and fibrin ; 
the coloring-matters of the blood, oxy haemoglobin, haemoglobin, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is quite 
limited. 

The study of the composition of animal substances, such 
as milk, urine, etc., and of the relations of the chemical sub- 
stances occurring in the body to the processes of life, is the 
object of physiological chemistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, however, 
the subjects treated under the head of Physiological Chemistry 
cannot be understood. 
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Page 165. After ninth line from bottom, insert: — 

We have seen that the sulphonic acids and carbonic acids are 
analogous ; that, for example, methyl-sulphonic acid, CH3.SO3H, 
is analogous to methyl-carbonic or acetic acid, CH3.CO2H. 
Now, just as the hydroxy-acids above considered are derived 
from the carbonic acids by the introduction of hydroxyl, so we 
can imagine a series of hydroxy-acids derived in a similar way 
from the sulphonic acids. Only one such acid is well known, 
and it alone need be considered. It is — 



OH 

Isethionic acid, C2H4 < oaTxti ^^®^ known as hydroxy- 

ethyl'Sulphonic acid. In composition it is analogous to the 
hydroxy-propionic acids. It is prepared by passing sulphur 
trioxide into well-cooled alcohol or ether. 
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Tertiary, 124. 
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Amido-benzoic acids, 289. 
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Amylene, 211. 
Angelic acid, 218. 
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Arsenic-methyl com- 
pounds, 104. 
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Barbituric acid, 204. 
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Benzene, 231. 
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hexachloride, 254. 
Benzene-sulphonic acid, 

266. 
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compounds, 104. 
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Artificial, 311. 
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Nitro-, 327. 
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Dipropargyl, 227. 
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Cocaine, 356. 
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aldehyde, 46. 


Fruit sugar. 181 



362 



INDEX. 



Fuchsine, 317. 
Fulminates, 102* 
Fulminic acid, 102. 
Fumaric acid, 220. 

G. 

Galactose, 182. 
Gallic acid, 304. 
Gasoline, 110. 
Glacose, 177. 
Glucosides, 352. 
Glyceric acid, 166. 
Glycerin, 147. 
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Grape sugar, 177. 
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Helicin, 353. 
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Heptoic acid, 129. 
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Hexyl alcohols, 128. 
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Hippuric acid, 291. 
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Inversion, 183. 
Invert sugar, 183. 
lodo-ethane, 29. 
lodo-methane, 27. 
Iodoform, 28. 
Isatine, 289. 
Isethionic acid, 357. 
Isobutane, 114. 
Isobutyl alcohol, 124. 
Isobutyric acid, 133. 
Isocyanates, 90. 
Isocyanides, 88. 
Isohexane, 117. 
Isomerism, 31. 

Physical, 163. 
Isonitroso compounds, 

101. 
Isopentane, 116. 
Isophthalic acid, 296. 
Isopropyl alcohol, 120. 
Isopurpurin, 350. 
Isosuccinic acid, 146. 
Iso-sulpho-cyantes, 91. 
Itaconic acid, 221. 

K. 

Kerosene, 110. 
Ketones, 70. 

L. 

Lactic acids, 160. 
Lactose, 184. 
Laurie acid, 130. 
Laurinol, 311. 
Leucine, 194. 
Levulose, 181. 
Lutidine, 307. 



M. 

Male'ic acid, 220. 
Malic acid, 167. 
Malonic acid, 142, 144. 
Malonyl urea, 204. 
Maltose, 185. 
Mannite, 153. 
Margaric acid, 130. 
Marsh gas, 20, 23. 
Melissic acid, 130. 
Mellitic acid, 297. 
Melting-points, 8. 
Mercaptans, 74. 
Mercury ethyl, 105. 

fulminate, 102. 
Mesaconic acid, 221. 
Mesitylene, 246. 
Mesitylenic acid, 293. 
Mesoxalic acid, 170. 
Metaldehyde, 49. 
Metamerism, 31. 
Methane, 20, 23. 
Methyl alcohol, 34. 

aldehyde, 46. 

amine, 94. 

bromide, 27. 

chloride, 27. 

cyanide, 86. 

iodide, 27. 
Methyl-phenyl ether, 271. 
Methyl-phosphine, 103. 
Methyl-phosphinic acid, 

103. 
Methyl-sulphuric acid , (>8 . 
Methylene iodide, 27. 
Milk sugar, 184. 
Morphine, 355. 
Mucic acid, 176. 
Mustard-oils, 91. 
Myronic acid, 358. 
Myrosin, 353. 

N. 

Naphtha, 110. 
Naphthalene, 334. 
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Naphthols, 341. 
Naphthoquinone, 042. 
Narcotiue, 355. 
Nicotine, 30:), 355. 
Nitriles, 87. 
Nitro-benzene, 258. 
Nitro-beuzoic acids, 288. 
Nitro-cellulose, 186. 
Nitro-chloroform, 101. 
Nitro^innamic acids, 

327. 
Nitroform, 101, 
Nitrogen, Estimation, 11. 
Nitro-glycerin, 151 
Nitro-methaue, 100, 
Nitroso-compounds, 101. 
Nitro-toluenes, 269. 
Nonane, 108. 

O. 

Octane, 108. 
Octyl alcohol, 128. 
Oils, Drying, 227. 
Olefiant gas, 211. 
Oleic acid, 219. 
Olein, 161. 
Opium bases, 355. 
Orcein, 277. 
Orcin, 277. 
Oxalates, 144. 
Oxalic acid, 142. 
Oxaluric acid, 2(M. 
Oxalyl urea, 203. 
Oxindol, 293. 
Oxy benzoic acid, 302. 

P. 

Palmitic acid, 134. 
Palmitin, 151. 
Paper, 187. 
Parabanic acid, 203. 
Para^^yanogen, 80. 
Paraffin, 110. 
Paraffins, 108. 
Paraldehyde, 49. 



Para - oxybenzoic acid, 

302. 
Tara-rosaniline, 316. 
Tara - oxy benzoic acid , 

302. 
Pentanes, 20, 108, IIG. 
Pentyl alcohols, 125. 
Petroleum, 109. 
Phenanthrene, 350. 
Phenol, 269. 

Nitro, 272. 

phthale'in, 318. 

Tri-nitro, 272. 
Phenyl acetate, 271. 
Phenylacetic acid, 292, 
Phenyl-acetylene, 328. 
Phenyl-acrylic acid, 3C5. 
Phenyl-amine, 200. 
Phenyl-ethyl alcohol, 281. 
Phenyl-mercaptan, 273. 
Phenyl-propyl alcohol, 

281. 
Phosphines, 103. 
Phthaleins, 318. 
Phthalic acid, 294. 

anhydride, 295. 
Picoline, 307. 
Picric acid, 272. 
Pimelic acid, 142. 
Piperic acid, 355. 
Piperidine, 309, 356. 
Piperiue, 355. 
Polymerism, 31. 
Primary alcohols, 122. 
Propane, 20. 
Propargyl alcohol, 225. 
Propionic acid, 130. 
Propyl alcohol, 120. 
Propylene, 211. 
Protocatechuic acid, 303. 
Prussic acid, 80. 
Pseudocumene, 249. 
Purpurin, 350. 
Pyridine, 307, 309, 356. 
Pyrocatechin, 275. 
Pyrogallic acid, 277. 



Pyrogallol, 277. 
Fyrotartaric acid, 142. 

147 
Pyroxylin, 186. 

Q 

Quercite, 152. 
Quinine, 354. 
Quinoline, 343. 
Quinone, 306. 

R 

Racemic acid, 172. 
Resorciu, 275. 
Resorciu-phthalein, 321 
Rhigolene, 110. 
Roccellic acid, 142. 
Rosaniline, 317. 



Saccharic acid, 176. 
Salicin, 353. 
Salicylic acid, 298. 
Salicylic aldehyde, 300. 
Salicylid, 302. 
Saponification, 69. 
Saponin, 354. 
Sarcosine, 193. 
Sebacic acid, 142. 
Secondary alcohols, 121 
Soaps, 135. 
Sodium ethyl, 104. 
Sorbic acid, 226. 
Starch, 187. 
Stearic acid, 134. 
Stearin, 151. 
Strychnine, 356. 
Styphuric acid, 276. 
Styrene, 323. 
Styryl alcohol, 324. 
Suberic acid, 142. 
Substitution, 26. 
Succinic acid, 142, 144. 

anhydride, 146. 
Sugar of milk, 184. 
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Sulphocyanic acid, 84. 
Solpho-cyanates, 91. 
Sulphonic acids, 76. 
Sulpho urea, 204. 
Sulphur ethers, 75. 

T. 

Tannic acid, 304. 
Tannin, 304, 352. 
Tartaric acid, 171. 
Tartronic acid, 167. 
Taurine, 194. 
Taurocholic acid, 194. 
Terebenthene, 310 
Terephthalic acid, 296 
Terpenes, 309. 
Tertiary alcohols, 124. 
Tertiary butyl alcohol, 

124. 
Tetra-chlor-methane, 28. 
Tetra - methyl - methane, 

116 
Theine, 206. 
Theobromine, 206. 



Thymol, 274. 
Tolu balsam, 240. 
Toluene, 240. 

Amido, 261. 

Nitro, 259. 
Toluic acids, 292. 
Toluidines, 261. 
Tolyl carbinol, 281. 
Tri-acetamide, 197. 
Tri-brom-phenol, 272. 
Tri-carballylic acid, 152. 
Tri-chlor-acetic acid, 63. 
Trichlorhydrin, 149. 
Trimesitic acid, 246. 
Tri-methyl-amine, 96. 
Tri-methyl-carbmol, 127. 
Tri-methyl-phosphine, 

103. 
Tri-methyl-xanthine, 206. 
Tri-nitro-methane, 104. 
Tri-nitro-phenol, 272. 
Tri-nitro-resorcin, 276. 
Tri-phenyl-methane, 314. 
Turpentine, 310. 



U. 

Unsaturated compoiinds, 

208. 
Urea, 200. 
Uric acid, 205. 
Uvitic acid, 246. 

V. 

Valeric acids, 133. 
Valylene, 227. 
Vanillic acid, 304. 
Vanillin, 304. 

W. 

Wood spirits, 34. 

X. 

Xanthine, 205. 
Xanthogenic acid, 157. 
Xylenes, 241. 
Xylidines, 262. 

Z. 

Zinc ethyl, 104. 



PRE6SWQRK BY BERWICK A SMITH, BOSTON, 



Science. 



"Thinking again the thoughts of God." 



Organic Chemistry : 



An Introduction to the Study of the Compounds of Carbon. By Ira 
Remsen, Professor of Chemistry, Johns Hopkins University, Baltimore. 
Adapted to the needs of all students of Chemistry, whether they intend 
to follow the pure science, or to deal with it in its application to the 
arts, medicine, etc. 5^ X ^% inches, x -f 364 pages. Cloth. Price by 
mail, $ 1.30 ; Introduction price, ;^ 1.20. 

THIS book is strictly an introduction to the study of the compounds 
of Carbon, or Organic Chemistry, and is intended to meet the 
wants of students in our scientific schools, medical schools, schools of 
technology, and colleges. It is difficult to see how, without some such 
general introductory study, the technical chemist and the student of 
medicine can comprehend what is usually put before them under the 
heads of '* Applied Organic Chemistry" and ** Medical Chemistry." 
The book is perhaps rather more elementary than most of the existing 
small books on the subject, and is therefore, it is believed, better adapted 
to the classes of students mentioned. It takes nothing for granted 
except an elementary knowledge of General Chemistry. Special care 
has been taken in selecting for treatment such compounds^s will best 
serve to make clear the fundamental principles. General relations 
as illustrated by special cases are discussed rather more fully than is 
customary in books of the same size ; and, on the other hand, the 
number of compounds taken up is smaller than usual, though all which 
are of real importance to the beginner are treated of with some degree 
of fulness. Thus there is less danger of confusion than when a larger 
number is brought to the attention of the student. The author has 
endeavored to avoid dogmatism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for adopting 
the prevalent views in regard to the structure of the compounds of 
carbon. Whenever a new formula is presented, the reasons for using 
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it are given so that it may afterward be used intelligently^ Full direc- ' 
tions are given for making a number of typical compounds, by methods 
quite within the reach of every chemical laboratory, so that with the 
aid of the book a systematic course of laboratory work on carbon com- 
pounds may be carried on. 

The following description of the book, which is also a noteworthy 
commendation of it, we quote from a review of it by Prof. M. M. 
Pattison Muir, Cambridge University, £ng., published in Nature, 
London, June 4, 1885. 

" This is chemistry. Of how few books professing to be books on 
chemistry can it be said that they teach us anything of the science ! 
The student who begins with the study of the carbon compounds has 
to suffer many things from the text-books. Some of them present him 
with dry bones in the shape of isolated facts, and bold assertions 
regarding structural formulae and the linking of atoms. Others lead 
him into speculations which he is unprepared to follow ; he makes little 
flights into these, and comes back foncying he is a chemist. Other 
bopks (there are not many of them) proceed on the true scientific lines ; 
but very frequently their pages are encumbered with too many fisicts 
about more or less widely separated compounds, or they deal so much 
with groups of compounds, rather than with the typical individual 
bodies, that the beginner soon loses his way, becomes perplexed, and 
is ready to abandon the pursuit. 

" Prof. Remsen has shown us a more excellent way than any of these. 
He leads the learner by degrees through the early difficulties ; he places 
before him distinct and detailed accounts of a few typical compounds ; 
he shows him how these compounds are mutually related ; and then he 
takes him back to the beginning again, and teaches him how each com- 
pound he has learned to know represents a group, and how, when he 
knows the properties of one member of the group, he also knows much 
about all the members. 

" At the outset Prof. Remsen makes a few wise and pregnant remarks 
on the meaning of the structural formulae. These * enable the chemist 
who understands the language in which they are written to see relations 
which might easily escape his attention without_jheir aid. In order to 
understand them, however, the student pnm have a knowledge of the 
reactions upon which they are based ; and he is warned not to accept 
any chemical formula unless he can see the reasons for accepting it.' 
The whole book is a practical sermon on this text. 
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" In no other elementary book in the English language will the student 
find so many admirably chosen examples of the formation of structural 
formulae. The important facts are noted ; then the inference is drawn ; 
then the hypothesis is ventured upon; analogous facts are recalled; 
the hypothesis is strengthened or weakened ; suggestions are made ; 
experiments are conducted ; and all is finally summarized in the for- 
mula. But the book is more than a selection of examples showing how 
structural formulae ought to be gained. It is a systematic although 
elementary treatise on organic chemistry. The student is first taught 
about the two paraffins, methane and ethane ; then he learns how the 
halogen derivatives of these are prepared, and what relations they bear 
to the parent hydrocarbons. By this time he has had his first taste of 
isomerism. Then he proceeds to the oxygen derivatives of methane 
and ethane ; he learns what an alcohol is ; he becomes acquainted with 
ether, aldehyde, formic, and acetic acids, some ethereal salts, and ace- 
tone. This method of studying a few simple compounds in detail is 
pursued until the student is more or less familiar with representatives 
of all the principal groups of compounds derived from the paraffins. 
He is now in a position to study these hydrocarbons as a group, and 
to deal in some detail with the questions of isomerism. When the 
paraffins and their derivatives have been thus studied, the more difficult 
subject of the benzenes and their compounds is approached. And here 
the author shows an admirable power of dealing with facts as facts, and 
with theories as theories. 

** Many admirable illustrations of the scientific method of inquiry 
are to be found throughout the book. I would especially draw atten- 
tion to the simple but thorough-going treatment of the * equivalency 
of the hydrogen atoms ' in the molecule CH4 (pp. 28, 29) and in the 
molecule QHg (pp. 234-236). It is on subjects such as are discussed 
in the pages referred to that the chemical student so frequently suffers 
shipwreck. If he will use this little book by Prof. Remsen as his pilot, 
and will keep a good lookout as he proceeds, he may hope to pass the 
shoals of the hexagon-formula and the shallows of the ortho-, meta-, 
and para-derivatives of benzene. 

" The author of this book deserves the thanks of all chemical teachers 
who have tried to teach organic chemistry to beginners for the clear 
and short directions which he gives for preparing the important com- 
pounds of carbon. The book may well be used as a laboratory guide 
no less than an introduction to the science of organic chemistry.^* 
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The Elements of Inorganic Chemistry : 

Descriptive and Qualitative. A Text-Book for Beginnei-s, based on Ex- 
perimental and Inductive Methods. By Jas. H. Shepard, Instructor in 
Chemistry, Ypsilanti High School, Mich. 5*;^ by 7)^ inches, xx -f 377 
pages. Cloth. Price by mail, $1.25. Introduction price, %\.\2. 

IT is a practical embodiment of the modern spirit of investiga- 
tion. It places the student in the position of an investigator, and 
calls into play mental faculties that are too often wholly neglected. It 
leads him to observe^ to experiment^ to think, to originate. Coming as 
it does from the working laboratory of a practical instructor, who has 
had the constant advice of fellow-teachers in all parts of the country, 
this text may be fairly taken as an exponent of the latest methods of 
teaching chemistry. 

Its distinctive features are: experimental and inductive methods; 
the union of descriptive and qualitative chemistry, ihus allowing these 
kindred branches to supplement and illustrate each other ; a practical 
course of laboratory work, illustrating the general principles of the 
science and their application ; a fair presentation of chemical theories, 
and a conciseness which confines the work to the required limits. 

Each element and compound is treated in the following natural 
manner : — 

1. Its occurrence, in which the student learns where he may find it. 

2. Its preparation y or how he may obtain it for examination. 

3. Its properties ^vA uses, 

4. Its tests, or how he may detect its presence in known or in un- 
known substances. 

Many equations are given to illustrate the chemical reactions in the 
different operations, and there are also special directions for detecting 
the acids as well as for separating the metals into groups, and isolating 
the individuals from each group. 

The work closes with full and explicit directions for successfully and 
economically equipping the laboratory, and preparing the needed re- 
agents and solutions. 

Teachers who are compelled to compress their work into a few weeks' 
course can adopt the ** Briefer Course " outlined in the preface, and 
have meanwhile the benefit of a book sufficiently complete to cover any 
want likely to arise in the laboratory. But average pupils of sixteen 
years can do all the work laid down in this text. A feir class can do the 
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whole work up to the metals in twenty weeks, and all the work given 
in metals in eight or ten weeks. 

We confidently recommend Shepard's Chemistry to any teacher who 
now uses, or who wishes to adopt, the laboratory method of instruction. 

Among its many new and valuable features, a prominent teacher 
specifies the following : — 

1. Its excellent methods, which bring out the great educational force 
of the science, and yield exceptionally large practical results. 

2. The logical arrangement of its subject-matter, introducing the 
principles of the science by easy steps. 

3. Its conciseness and its completeness fully covering the beginner's 
wants in the working laboratory. 

4. Its mechanical excellence^ the typography being open and attrac- 
tive, and the large type allowing the text to be read at a distance with- 
out injury to the eyes ; the binding being such that the book will stay 
open on the desk while the student is at work, and the color of the 
cloth being such as is least affected by acids. 

5. The Appendix^ which gives (i) Instructions for equipping the 
laboratory ; (2) Directions for preparing all needed reagents ; (3) A 
complete list of working materials ; (4) The impurities found in com- 
mercial reagents ; (5) All the names by which reagents are known. 

The book is based upon plans and methods which have been em- 
ployed in the author's laboratory throughout a series of years, and no 
work has been incorporated in the text or in the exercises that has not 
there been proven practicable. 

A wide correspondence with the best teachers in all parts of the 
country shows that they are pursuing essentially the same plan. 
Throughout the book the aim is to make the labors of the teacher as 
light as possible, and to ** place the laboratory work where it will do the 
most good in the hands of the students." 

** This work and Remsen's Organic Chemistry (page i of this cata- 
logue) form an admirable course for the presentation to the student 
of the facts of inorganic and organic chemistry." — Curtis C. Howard, 
Prof, of Chemistry y Starling Med, Coll,, Columbus, O, 



A Circular, suggesting various plans of shortening the course, as 
well as a Special Circular, of interest to chemists and teachers of chem- 
istry, will be sent on application to the publishers. 
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The Elements of Chemical ArithmetiCy 

with a Short System of Elementary Qualitative Analysis. By J. Milnor 
CoiT, M.A.y Ph.D. 7j^ by 5 inches, iv + 89 pages. Cloth. Price by 
mail, 55 cents; Introduction price, 50 cents. 

T^HIS manual is designed to supplement the teaching of ordinary 
text-books of descriptive chemistry. It is the result of the author's 
own experience in elementary science-teaching, and has been success- 
fully used by him in his own classes. The methods have therefore 
been practically tested. Part I. contains the more important rules 
and principles of chemical arithmetic, followed by a series of prob- 
lems. The matter in this part of the book is purposely very much 
condensed, and brought within the scope of the average student in 
high schools or colleges. 

Part II. contains a short system of elementary qualitative analysis. 
The simplest and best tests have been adopted, and the tables of sep- 
aration of the metals will be found to be the least complicated. Some 
tables for reference will be found at the end of the book. 

The manual will invite the examination of those who are inter- 
ested in making the teaching of chemistry more practical even to 
beginners. It is suggested that the book be used together with a good 
work in descriptive chemistry. In the preparation of this manual the 
writer has had the benefit of the advice and suggestions of several 
eminent and experienced teachers. 

Though issued so recently ^ the following opinions have 
come to hand: — 



A. S. Hall, Prof, of Chemistry, U.S. 
Na'val Acad., Annapolis, Md. : I am very 
much pleased with the arrangement of 
the first part. It is presented in such a 
simple way as to render it well adapted 
to schools in which elementary sciences 
are taught. i^May 22, 1886.) 

T. H. Norton, Prof of Chemistry, 
Univ. of Cincinnati, O : It is admirably 
written, and I regard it as well adapted 
to supplement the ordinary descriptive 
text-book or series of lectures, especially 
for high-school training preparatory to 
scientific courses. {May 12, x886.) 



W. K. Higrley, Prof of Chemistry, 
Univ. of Chicago : I like it very much. 
We shall use it next year in our labora- 
tory, and I have recommended it to this 
year's students. {J^ne 5, 1886.) 

John W. Pox, Prof of Chemistry, 
Georgetown ColL, D,C.: It is an excellent 
little book. {May 15, 1886.) 

J. W. Holland, Prof of Chemistry, 
yefferson Medical Coll., Philadelphia, 
Pa. : It is an excellent manual, and will 
be of great service to teacher and pupil. 
{June 5, 1886.) 
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The Laboratory Note-Book. 

For Students using, any Chemistry. 4^ by 7^ inches. Board covers. 
Cloth back. 192 pp. Price by mail, 40 cts.; Introduction price, 35 cts. 

IT contains blanks for experiments ; blank tables for the reactions of 
the different metallic salts ; pages for miscellaneous matter ; and an 
extra chart for the natural classification of the elements similar to that 
on page 221 of Shepard's Chemistry. This may be rolled into a 
cylinder by the student. 

The advantages of using this note-book are, briefly, these : It saves 
time for the student ; its size is convenient ; and it is cheaper than an 
ordinary blank-book. The paper is such that it readily takes ink with- 
out blotting or smearing, and it may be used with a lead pencil. 

The value of systematic note-taking by the student in chemistry can 
hardly be over-estimated. The careful analyst habitually keeps record 
of his work, and thus the greater portion of our most valuable chemical 
literature has originated. If the expert finds his notes to be of ines- 
timable value to him, what shall we say in the case of the beginner? 
Evidently, that he should form, at the very outset, those habits which 
will tend to make him accurate, and which will insure his after-success. 

In the note-book the teacher has a most potent ally ; for, through its 
aid, he may know just how his students are doing their work, and can 
therefore better adapt his teaching to their needs. 

Our Special Circular contains fac-similes of three pages, prepared 
by the students in the Ypsilanti high school for 1885-6, showing how 
the book is to be used. 



Robt. B. Warder, Prof. 0/ Chemistry, 
Purdue Univ., Lafayette, Ind. : It strikes 
me very favorably. I think further ex- 
amination may lead me to introduce it in 
Purdue University next fall. i^Apr. 24, '86.) 

P. J. Boche, Prof of Chemistry, Uni- 
versity Coll., Toronto, Ont. : I have been 
struck with the excellence of the second 
part as a means of tabulating results of 
simple qualitative analysis, — something 
most students sadly need. {May 15, 1886.) 

Chas. W. Hargritt, Prof of Natural 
Science, Moore's Hill Coll., Ind,: I like the 



plan very well for the purpose intended. 
{April 24, 1886.) 

A. Wanner, Prin. of York High 
School, Pa.: Laboratory Notes in the 
hands of students will encourage system- 
atic experiment. It is a good book for 
beginners, who have not the experience 
yet to enable them to judiciously use a 
blank-book. It not only will lead to fre- 
quent reference to the chemistry used, but 
will cultivate a habit of accurately, clearly, 
and briefly recording known conditions. 
{March i, 1886.) 
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Organic Chemistry: 

An hitroduetion to the Study of the Compoundt of Carbon, By Ira Rbmsbn, Pro- 
fessor of Chemistry, Johns Hopkins University, Baltimore, x + 364 pages. Cloth. Price by 
mail, $1.30; Introduction price, $x.ao. 

The Elements of Inorganic Chemistry: 

Descriptive and Qualitative, By James H. Shbpard, Instructor in Chemistry in the 
Ypsilanti High School, Michigan, xxii -f- 377 pages. Cloth. Price by mail, $1.25; Introduc- 
tion price, $1.13. 

The Eleme7its of Chemical Arithmetic : 

IVitk a Short System of Elementary Qualitative Analysis. By J. Milnor Coit, 
M.A., Ph.D., Instructor in Oiemisiry, St. Paul's School, Concord, N.H. iv + 89 pages. 
Cloth. Price by mail, 55 cts.; Introduction price, 50 cts. 

The Laboratory Note-Book. 

For Students usinr any Chemistry, Giving printed forms for " taking notes " and 
working out formulae. Board covers. Cloth back. 193 pages. Price by mail, 40 cts. ; Intro- 
duction price, 35 cts. 

Elementary Course in Practical Zoology. 

By B. P. CoLTON, A.M., Instructor in Biology, Ottawa High School. 

First Book of Geology. 

By N. S. Shaler, Professor of Palaeontology, Harvard University. 373 pages, with 130 
figures in the text. 74 pages additional in Teachers' Edition. Price by mail, $x.xo; Intro- 
duction price, $1.00. 



Guides for Science-Teaching. 



Published under the auspices of the Boston Society of Natural History. For 

teachers who desire to practicaily instruct classes in Natural History, and designed to supply 
such information as they are not likely to get from any other source. 30 to soo pages each. Paper. 

VI. Hyatt's Mollusca, 35 cts. 
VII. Hyatt's Worms and Crustacea, 

35 cts. 
XII. Crosby's Common Minerai.s and 



I. Hyatt's About Peddles, 10 cts. 
II. Goodale's Few Common Plants, 15 cts. 

III. Hyatt's Commercial and Other 

Sponges, 20 cts. 

IV. AcAssiz's First Lesson in Natural 

History, 20 cts. 
V. Hyatt's Corals and Echinoderms, 
3o cts. 



Rocks, 40 cts. Cloth, 60 cts. 
XIII. Richards' First Lessons in Min- 
erals, ZO CIS. 



The Astronomical Lantern. 

By Rev. Jambs Freeman Clarke. Intended to familiarize students with the constella- 
tions by comparing them with fac-similes on the lantern face. Price of the Lantern, in im- 
proved form, with seventeen slides and a copy of " How to Find the Stars," $4.50' 

How to Find the Stars. 

By Rev. James Freeman Clarke. Designed to aid the beginner in becoming be^ier 
acquamted, in the easiest way, with the visible starry heavens. 
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